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A study of the origins and evolution of the computer manu- 
PenuGing mcaustry in the United States, with emphasis on the 
Peenomrte IioOreance Of 1LS present Structure and conduct. The 
examinaticn of Supply and demand as determinants of the market 
mechanism is presented in a classic outline of current economic 
form for the market structure, conduct and Per oOrmance Cf, base 
industries. The analysis of demand utilizes the first pub- 
Mesitea COvernment material on the computer industry. Derivation 
MeOoren2a Curves for Chis new industry and its Seinen eee ol 
Repgesent the £irst So produced. ‘The synthesis of the manu- 
Bacturers performance is developed from the structure and 
Semcuer. That performance 1S Separately examined in reference 
memouolIe DOlicy, wth emphasis on current legal actions and 


emertrust suits. 
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ie CLNTROSUCTION 


The computer industry has been described as the major 
Pieoweh industry of the 20th contain Economists predict thet 
by the year 2000, more persons will be employed in the data 
mmeoeessing and related industries than in any other Single 
business. The computer industry has drastically affected tke 
eee seclobr1ec OL OU SOCIety, and has Significantly influenced 
feiiieoenes Segments of American industry, ranging from pub- 
mesorig tO insurance, transportation to retail trade. 

mime wecensus takers reveal that in a brief Span of twenty 
Meats, the world wide total of U. S. computers has reached 
Be7ecO systems, valued at $30 billion. One dramatic illus- 
@eaeion Of the industry's growth is the rapid tempo of chance 
in associated technology. Calculations in Charles Babbage's 
[imGmecentury analytical engine, involving the acceleration, 
rotation and stopping of a cog-wheel, were performed on the 
order of about one per second. Relays, utilizing a Spring- 
loaded switch, AGEL SE opened or closed in a millisecond. 
VWacuummEEMies, with no moveable parts at all, decreased this 
PIMomUmieednother thousandfold. Today, semiconductor elec-— 
Etronics make use of components which can change state in a 
Wmemoseeoncd (1-e., one thousandth of a millionth of a Be coric) aa 

The purpose of this study is to examine an industry which 


is currently in its early stages of growth. The origins and 


lugevergelt, ieee Compucers.and Computing = Paste, Present, 
Future," IEEE Spectrum, January L96Gy nee Oo. 
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meolurton Of the industry will be presented, with emphasis on 
meomorescent Structure and Conduct. Additionally, the effects 
MmeamouolLLe DOllICy and government regulation on this "young 
meemstry Will be analyzed. Finally, this case study adds 
eWemmoce inaustry to the works of other authors covering the 
@eganization of American industry. 

EomlowlncmetiiLs I2neroduction, the thesis is organized into 
meee SeCCtions. The first section begins with a history 
pilpiasi4zing the Chronological relationships in the develop- 
Paimorncic 1MNQUStryY, Cxamines Ehe Size and composition: of i:he 
mmemstry, and Looks briefly at the international operations. 
Sections III and IV examine the two major forces which mold 
eienakLchn tecture and character of the industry - market 
feevatusm ana Government regqulatior.. Responding to the 
Meenence Of a COMpetitive market, the natural interaction 
Sepoupply and demand tends to formulate the structure of an 
Mmaeictiy, Govern its conduct, and establish the prices. When 
the market process goes astray, public justice demands that 
the government intervene to control and regulate the industry 
Pmeeeecornag with federal antitrust policy. 

The computer industry today consists of several distinct 
sectors - computer manufacturers, component manufacturers, 
Service bureaus, time-sharing vendors, used computer brokers, 
computer leasing companies, and software firms.~ Bach of 
Baesemeectors rightfully plays a Significant role in the 


overall industry, and while none has escaped the attention 


“sharpe, Vea ee Tae. ECOnNOMmLeS of Computers, Columbia University 
Press 1969,) ps 163. 
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Se this stuacy, the primary focus has been placed on the com- 
PaeeeemaniLacturing portion of the industry. One further 
Simebrttication is necessary. Although the production of 
pw@ecial purpose and analog computers, Such aS airbourne and 
Bagar system computers, constitutes a Significant part of 
the business of computer manufacturers, this study will con- 


cern itself solely with general-purpose digital computers. 


ca 


_ 7 


< Ghose valet ae 
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pee HLSTORY 

HtMemescecnon Of the Study will iopefully provide some in- 
Segmt IntO the origins of the computer industry and its growth 
and development into the giant of the American economy. An 
Seeempe 1S made to look into several aspects of its develop- 
ment such as early data processing methods, the birth of new 
Semeepts, the breakthrough in technology, the people involved, 
M@iemiealbOracory work at universities and colleges, the early 
Maesecnerships and companies, the mergers and formation of | 
mescs, anc) the migration of scientists and technology from 
Sie ODerTAaAtClion Or company to another. 

Mile comnpilang the history of the computer industry, the 
Premios discovered £requent inconsistencies among the various 
Bemeces Of information with respect to the exact dates of 
pereeroeular occurrences. The most reliable Gata ine cic 
Saenors. sjuagemene, have been used in the main body of the 
paper. For the interested reader, the inconsistent infor- 
femerem, where Occurring, haS been included in footnotes. 

Paper COCesoing — Tne Pecimnings 

The cCompurer industry 1S a new industry only in the 
sense that it involves a radical advance in technology. 
Rediuestically, the electronic computer merely represents the 
Meseerecent improvement in the field of Gata processing (i.e-, 
the recording and manipulation of data), which had its begin- 


hing in pre-historic days. 
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Recording techniques began with the earliest business- 
Memiemaking SCratches on rocks, notches. on trees and marks on 
fmwemwalls. improvements through the years led to the develop- 
mamerot the Lirst Commercial typewriter, the Remington No. 1, 
mamoe ptember 1873. The oldest surviving written records are 
Pe cograpitc Writings on clay tablets made by the ancient 
Pe@ebians, predecessors of the Babalonians, during the period 
e700 to 3000 B.s.> 

Computing devices had their beginning when primitive 
amoeceame aware Of his inherent means of counting in the form 
Pie mtingers and toes. Later, he learned to use pebbles or 
Zoro wOreecOrn as Counting devices. In about 3000 B.C., in 
eee Tigres-Euphrates Valley, someone designed a clay board 
Pee gtOoves into which pebbles were placed, and counting was 
Pomeorned by moving the pebbles from one side to the other. 
The clay board was the predecessor to the abacus, which was 
invented in China about 2600 ee 

Punched card machines had their origin in the 18th 
century with the perforated-paper-operated weaving loom design 
mye sastl Bouchon in 1725, and @ similar aeaien by Mo Palecocnannn 
1728. The first successful loom application was achieved by 
Joseph Marie Jacquard, in 1801, uSing a punched card design he 


conceived in 1745.7 


3arnold, eRe ie ee On CleN GOS [aa TV. Introduction 


to Data Processing, John Wiley and Sons, WSKSIS je. Susy hee 


peice 20-21. 


-thid., p. 25. 
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ie computer is merely a single machine (ultimately, 
a system of machines) that performs the data processing 
@petauioOns Of several machines. The computer was not in- 
Mencead, it evolved. It was “perceived as a possibility, and 
1tS function imagined, but had to await the discovery and 
evelopment of new materials, miniaturization, the control cf 
power, new languages, a trained community of specialists, and 
eae application of a good deal of money". ° 

A general purpose computer was first conceived in 
principle in the 19th century, when Charles Babbage designeé 
Mis analytical engine. Babbage failed to influence history 
merely because the only implementation of his design possible 
at that time was mechanical, and a mechanical device of the 
complexity of a computer was all but impossible to build ana 
maintain. / 

lie Prue tpoles Conceived by Babbage were ultimately 
mealized in the world's first digital computer, the Mark I, 
which was dedicated on August 7, 1944, and put into operation 
maa basement at Harvard University in Cambridge, Massachusetts. ° 
The fifteen years that followed saw the digital computer trans- 
meormiea tron the use of relays and rotating Switches to vacuum 
tubes and transformers, from electro-mechanical, Flee, 
and cathode-ray-tube storage to magnetic drum, tape, and core 


storage, from input/output speeds of one to two dozen characters 


SRodgers, W. H., Think - A Biography of the Watsons and IBM, 


Seean ang Day; 1969, p. 165. 
ievergelt, Deo 


pRadgers, re? 
14 





PemeeccOno CO Speeds of tens of thousands of characters per 
second, from computation speeds of a few operations per second 
to tens of thousands of operations per second. ” 

Miewetad Of CleCErOnIe COMpUcerS was initiated in 1946 
Meeene University of Pennsylvania's ENIAC, built by puGrescane 
Meleert and Mauchly for the U. S. Army. 

ae es Generations 

ii@mcearoo Or Cevelopmenc Of the electronic computer 
memocnerally divided into generations. However, the methods 
SamoiVLSion and the resulting me pesilods Of che generations 
are the sulject of some disagreement. Some say that the length 
emeaen CGvyele 15 two times the length of the previous cycle 
meeeuse OL the mysterious “principle Of Diao y powers", 7° 
Others separate the generations in terms of software (i.e., 
programming languages) or Operation system devclopments. 
Perhaps the mosSt common approach is based on the evolution 
of hardware (i.e., machine components) technology as follows: 
iemeceneration — vacuum tubes, 2nd generation - transistors, 
Braceneration — integrated circuits, 4th generation - batch 


Peerredaton or large scale integration. > A final analysis 


of computer generations, called the cycle theory, tends to 


"serrell, R., and others, "The Evolution of Computing Machines 


and Systems," Proceedings of the JRE, May MOG2, pe 0b S=0s6- 


1Onmdahl, G. M. and Amdahl, L. D., “Fourth-generation Hard- 


ware," Datamation, January 1967, p. 25-26. 


tl ipid, 





memrncorporate features of the other three methods. According 
Memtnls tneory, Significant economic and technical transistions 
Meege tn the industry every five years, resulting in the 
Mee-atance of a new generation and the beginning of a new 
moe, *- 

Uwe ste Generation 1S generally accepted to be the 
eri00 from 1954 (first commercial installation of UNIVAC and 
Meer 650) to 1959, and is characterized by vacuum tubes, slow 
speeds, and limited memory capacity. The computer Naw eel fone 
Q@afferent manufacturers were isolated, unrelated, and designed 
Memarily sor Scientific applicaticn.” 7 

Uvmoececeond Goencrauion 16 Considered to extend £rom 
M359 to 1964, and experienced the introduction of solid state 
Memoencnts (i.c., transistors) on a large scale, and increased 
Speed and memory capacity. Manufacturers distinguished between 
Emeitr business and scientific oriented computers.** 

iecmennGe OCNertatL@en, von ang later, gave birth £oO 
MmeeroeclLectronic circuits, faster main memory, greater memory 
Sac, more flexible mass random-access memories, extensive 


data communications equipment, various remote terminal devices, 


es 
Ema saMproved programming languages. 


Differences of opinion exist regarding the emergence 


Semene fourth generation. Only two years ago, authors wrote 


12 


McGovern, P. J., "The Computer Field and the IBM 360," Com—- 
puters and Automation, January 1967, p. 16-17. 

13tpid. 

Berd: 
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Paericermed SOurces declaring that the third generation of 
computers would have a life span of ten years as contrasted 
mee the previous generations of only five years each. *° 
fememiecen. authors believe that the industry has quietly 
Mee pea ico the fourth generation in 1970. Changes were 
meemed LO be subtle rather than profound, and consist of 
Meee bcnees OL Aegqree rather than kind. Those anticipating 
a markedly distinctive breakthrough in technology will have 
feeeced the beginning of this evolutionary vice revolutionary 
generation.*/ Aecordingly, with the announcement by IBM of 
mioystem 370 in April of this year, some accepted the in- 
Greased speed and memory capacity as the fourth generation, 
others were surprised by its premature arrival, and others 
emrsappointedly asked, "Is that all there is?" Only in the 
Mm eGospect Of future years, will one be able to judge more 
e@euratecly if 1970 marked the beginning of the fourth 
semeracion. 

Dene Ch POnology 

1642 





The first adding machine, a stylus operated mechani- 
cal device capable of performing addition and subtraction, 


; 18 
was designed and built by Blaise Pascal, age nineteen. 


16 Kom mter Yearbook and Director - 1968, American Data Pro- 


@eccing [nc.;, p. 7/39. 


17 pradburn, To Ree Where 1s the Computer Industry Heading?" 
Computers and Automation, January eo 7 Oe so 


18, rnold, (2 ape Aras 
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1671 





tteseoneepevor a Calculating winmachine, the first device 
that would multiply by repeated adcitions, was proposed by 


Memeeried Liebnitz.?? 


1673 
Eeepnbes Calculating machine was completed, but it 
Meyer proved to be completely reliable. 7° 
1725 
Basil Bouchon designed a weaving loom operated by 
pectorated paper. “+ 
1728 
[ececCoOneecclgned a weaving Loom, Similar to Bouchon’s, 
ae 


Seeraced by perforated cards. 


1745 





A third design of a weaving loom was developed by 
Peenchman, Joseph Marie Jacquar@. Jacquard's design involved 
SEcemoc, tor using holes in cards to control the selection of 


Seererene colored threads in weaving designs.7> 


ibid: ; and Serrell, p. 1041. 


ee onden pe sec Faster Than Thoughit, Sir lSaac Pitman 


Qacincons ; 71953 p. 6. 


Gomrnold. (op ae 


2erHid. 


2 eeated Ge etee ent coder one co Electr one Computers, 
McGraw-Hill, 1965, p. 6. 
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1801 
A textile loom operated by punched cards was built 
Peeeig the Jacquard design of 1745. This loom represented the 
peo SucCesstul application of the principles demonstrated 
myesacquard, Bouchon and Falcon. ~* 
1811 
Gitieteebaoeage, a Student at Trinity College in 
Cambridge, conceived the design of an entirely mechanical 
meeree, Called the Difference Engine, to make calculations 
mee Logarithmic and trigonometric tables, 2° 
1820 
Micra enone rerewas GCesitaqned and built by Charlies xX; 
Thomas. It was the first machine capable of performing the 
fMemeIacie arithmetic functions well enough for commerical 
26 


Manufacture, but only a few were ever constructed. 


e222 





Babpagemeonpletcd the Construction of a small working 
(a sieore its Ditterence Engine. Referred to by others as 
"Babbage's folly," it Uitsuzedm several Of the principles of 
wacduard's punched cards. ~/ Pablage , uhue ee hioecherac eee 
immediately proposed building the largest Difference Engine 


that ever might be needed. In the following year, he received 


eeerrell, ere lO4dy, wand Arnold, pp: 25. 


2°Moseley , MeweiEoccuDle Genius, Abate of Charles Babbage 


Inventor, Hutchinson of London, 1964, p. 49. 


eeeeeiie >. 104. 


27nrnold, be, 25 
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some limited financial backing for his Engine from the Royal 
mecrety, and began work, 78 
1833 

Basbage was encountering overwhelming difficulty in 
Mme Construction of his Difference Engine. His government 
financing was coming to an end, and engineering technology 
weoeocimply not equal to the task of building a device as 
Semolicated and precise as he had perceived.-” 

Undaunted, Babbage conceived the design of the 
Analytical Engine, for which he requested but was refused 
government support. >” He proceeded to work on this new 
ereiine, uSing his own money, until his death in 1871. 
Mhousands of detailed drawings were produced, but only a few 
Bemus were ever Sonpleted,-~ 

Babwbage S GOcSign of the Analytical Engine Ss stored 
program was remarkably similar in concept to a modern com- 
puter. > Uleimetely, the Engine was to include all the 
elements of a modern, general purpose, digital computer. 
The design called for a memory of a thousand words of fifty 
digits each held in counting wheels; control by Jacquard cards; 


branching by skipping forward or backward a prescribed number 


Sie ards- and random access to function tables, which were 


28 correll, p. 1042; and Moseley, p. 73. 
2° serrell, joys (Ree 


30voseley, peploo- lo]. 


ec oO. 152, 253. 


a 


32navis, p. 4. 
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meerea ON Cards separately, by ringing a bell and displaying 
tye number of the card deck that the operator should Woe = 
1873 
The first commercial typewriter, the Remane eon No. ale 
was developed by Christopher Sholes, and manufactured by E. 
Remington and Sons. >” 
1884 
A key~set, adding printing machine was designed by 
feeeliam s. Burroughs. >> 
1887 
A modern machine-readable punched card and related 
card-processing equipment were designed by Herman Hollerith, 
an employee with the Bureau of Census. The cards used 45 
columns (later expanded to 80 columns) of rectangular holes. 
The machines were used in the 1890 census to record, compile 
enc) tabulate census data. Cards would be individually 
positioned over mercury-filled cups. Rows of pins descended 
Gime the Card Surface, through the holes into the mercury, 
eeemelosed Circuits which advanced the dials one position. 


Piety tO Seventy cards were processed per minute. 7° 


o Gerrell, p. 1042. 


en rnold, Peoria ooermy Rang Corporation, «<A History OF 


Sperry Rand corporation, LOO pee ore ened tier Cihtcq as 
weOerry” . : 


= Arnold, DeMe.2 oe 


Sorbid., pee OF anid. Davis, sp. ©. 
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1890 
The Rand Ledger Company was organized by. James Rand Bee 
1896 
Howler ch tere the Census Bureau to manufacture and 


Meesot has machines and cards. He formed the Tabulating 


Machine Company. >° 


1908 

termes Powers, another employee with the Bureau of 
Seweus, Gesiqned some punched cards and card processing 
feeliyenery with slightly different Poo arene Poveres cards 


used 90 columns of round holes. His equipment was used in 


the 1910 AgGaswe.o7 


Fo 0 


Meee te ee 


Sperry Gyroscope Company was organized by Elmer 


Pocese Sperry, inventor. i 


TS 


The Monroe Calculator was introduced by Jay R. Monroe. 


The manufacturer used a design originating with Frank S&S. 


Peiidwin. 


James Powers left the Census Bureau and established 


; 42 
the Powers Accounting Machine Company. 
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The Computing-Tabulating-Recording (CTR) Company was 
Organized by Charles R. Flint. The company resulted from a 
feeger Of three companies (originaily 13 companies) including 
the Tabulating Machine Company of Herman Hollerith. The 
memmeer, Charles Flint, waS a munit:ions trader, organizer of 
meses, key figure in development of U. S. Rubber, gun runner, 
ema double agent in Latin American evoldeones 

EOS 

E. Remington and Sons becane Remington Typewriter 
Company." 

Thomas J. Watson, Sales Manager of National Cash 
Register Company was fired. He and thirty other members of 
ume Cash had been convicted for restraint of trade and 
Maamcaining a monopoly - the results of their overzealous 
mmesuit of: ene etors. 

1914 

Thomas Watson was hired by Charles Flint as the 

Ceneral Manager of the C-T-R Company. *© 
eS 
Watson was elevated to President of the C-T-R Company, 


following the appeals court set-aside of the antitrust con- 


victions. Among other actions, he immediately set up a 


Sci. , Dp. 27; and Rodgers, p. 67-692. 


44 sperry, De. 4. 


ere ten, T. G. and Belden, R. M., The Lengthening Shadow - 
The Life of Thomas J. Watson, Brown Little and Company, LO Cla 


p. 86; and Rodgers, p. 54-65. 


46Rodgers, ee oes 0. 
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product research department to improve the Hollerith machine 
to compete with the technologically superior Powers Company 
Meduct.’ 
PiWearecan Kardex Company waS organized by James Rand. 
im. ° 
1917 
The C-T-R Company entered the Canadian market under 
Ege shame of International BuSiness Machines Company, geen 
ei 
pie efi Company had Mevec sar Into. cic bead yin the 
Pottating machine business.”° 
1924 
iicmeai-k Company adopted the name of Enternational 
meee oo Maciines. Watson expressed his concept that the 
eoeire world was the true territory of their international 
Pempany and its machines designed to serve Beas 
nisya5) 
A large scale analog computer was built by Dr. 


Vannevar Bush and hisS aSSociates at Massachusetts Institute 


of Technology. Although it was an electrically powered 


oid) p. 76, 79. 
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feemanical operation of limited ee€GUracy, 1b markea the 
Beginning of the modern era of mechanical computation. > 

The Rand Ledger and the Amecxican Kardex Companies 
merged to become the Rand Kardex Company .>> 


ISTP 





The Remington Typewriter and Rand Kardex Companies 


merged to become Remington Rand, cn 


Remington Rand, Inc. acquired the Powers Accounting 
Machine Company.” 


1 es: 





The Sperry Gyroscope Company merged with several 


other companies and became the Sperry Corporation. © 


lee Sis. 





See yeuen and Wisvassociates at M.£.T. began the 
development of a second, improved model of their analog 


computer. >’ 


During these years, Thomas Watson was active in various 


organizations and public affairs. He enjoyed a particularly 


close association with Dr. Butler, the President of Columbia 


Mimiverailiy, Anda was ultimately made a trustee of the University. 


52s apt Roeee Jeeecne sna lvyetcal Engine, Computers — Past, 
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He made gifts of several tabulating machines to Dr. Wood at 
Pevumota. | Due to the foresight of Dr. Wallace Eckert, who 
Peceaole to Cnvision revolutionary uses for the machines 
being used by Dr. Wood, the equipment was applied to the 
study of astronomy and used to make lunar calculations. Eckert 
proceeded to establish the Thomas J. Watson Astronomical Con- 
puting Bureau, the second IBM operation at Columbia, using a 
modified 601 multiplier. Many scientists were drawn to the 
laboratories of Wood and Eckert at Columbia, and among them 
was Dr. Howard Aiken, “who was to cpen other gates to the 
somputer age."78 
11939 

Howard Aiken and his associates at Harvard, working 
in conjunction with IBM engineers, began development of the 
AuUcOMatic Sequence Controlled Calculator (Mark I). The Mark 
Pevecetene Tirst machine to Exploit the principles of the 
MiemeytiGal engine Conceived by Babbage, and the first attempt 
toe combine various operations into a single device. It was 
Paiomernncalatce predecessor of the automatic electronic computer.>7 

World War IT 
Dr. Wallace Eckert and IBM machines were used to speed 


ieethe air assault on German Submarines in the Atlantic. Action 


against submarines had been experiencing delays in Signaling 


2S rodgers, pemleO- 143. 
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for help while obtaining a navigational fix. The manual cal- 
euratlons required after the sextant readings were emerve ly 
~EOO Slow. Dr. Eckert was ordered to the Naval ObServateiy, 
Washington, where he calculated, from the available tables 
whose accuracy had been confirmed by IBM equipment at 
Columbia, nautical almanacs for air and sea navigation. 
feo printed calculations, the first scientific computer 
eripur in che world, enabled loss of life and tonnage in the 
mortem Atlantic to be diminished ‘iG neat Ler 1Ot weeks, °° 
1942 

The second model of Bush's analog computer was com- 
pleted, but the completion was kept secret until the end of 
Siewwar, Since it was used extensively in the computation of 
feet llery £iring tables. °! 

1943 

Dr. J. Presper Eckert (no relation to Wallace Eckert 
at Columbia) and Dr. John Mauchly and their co-workers at the 
Meereeschiool of Electrical Engineering at the University of 
Pennsylvania began building the ENIAC (Electronic Numerical 
PaLregtrbator and Sommeeee) 5 DG alee. on Bevo tt Com ke = 


SP relmiawotratory at Aberdeen, Maryland, with the help of the 


Me@neescnoOol, had been using Dr. Bush's 1942 model analog 


ae nodgers . p. 143-144. 
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Of Rosen, S., "Electronic Computers: A Historical Survey," 


@enouring curveys, March 1969, p. 7-6. 
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computer, Supplemented by a hundred or more girls doing 
feegucalscalculations, to produce artillery firing tables. 
A young Army lieutenant, Herman H. Goldstein, had been sent 
to Philadelphia to recruit more girls, where he happened to 
meacdea beeOrt Written by Eckert and Mauchly in the previous 
Wear describing a revolutionary computer design. Recognizing 
miemvalue Of a computer in solving the firing tables problem 
and possilkly Shortening the war, he persuaded his Army bosses 
memorOvlde financial support, and the building of the ENIAC 
meean.°> | 

Dr. John von Neumann served as consultant on the 
meometeane JulLlding of the ENIAC —- the £irst attempt to build 
fomel-ecleCctronic computer utilizing very high speed vacuum- 
tube switching devices.°* 

1944 

Tie Mark i was completed, and put into operation in 
ene basement of Harvard's Cruft Laboratory in Cambridge, 
Massachusetts. It was dedicated on August seventh, and 
formally named the IBM Automatic Sequence Controlled Calcu- 
lator. A huge electromechanical machine, 51 feet long and 
eight feet high, it used standard IBM business machine parts, 


enc was controlled by punched paper eae ALTACugh -ctite wse 


of vacuum tubes in ENIAC made the Mark I obsolete, Babbage's 


©3 Rodgers, ely Oo On 
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Sean Of 1833 had finally been fulfilled. The designer, 
Howard Aiken, commented, "If Babbage had lived seventy-five 
years later, I would have been out of a cin 
1945 

DE. Jonn von Neumann develcped the draft proposal for 
the EDVAC (Electronic Discrete Variable Automatic Computer). 
Von Neumann's work represented the first published concept 
memo StOLred-program, general-purpose computer, and called for 
the use of acoustic delay lines with mercury as the trans- 
Mission medium. Since von Neumann's writings contained: 
eeeeotpterons Of much of the logic heing developed by Eckert 
emo Manchiy at the University of Pennsylvania, many persons 
believe that all three deserve credit as co-inventors of th2 
meeeecd- program, digital computer as we know it today. °° 

1946 

Tie ENEAC was completed. The world's first ali- 
mbeeeLOniLc COmMpUuLer went into operation for the U. S. Army 
at Aberdeen, Maryland, on February 15. (It was turned off 
Meamene last time on October 2, 1955.) The ENIAC was un- 
Siectionably the most complicated electronic device in the 


world. Its successful functioning depended on the simultaneous 


@eecation of 18,000 vacuum tubes. Stories were told that 


fieimguies Construction, the lights in West Philadelphia 


ST eernstein, p. 52; and Rodgers, p. ee) ee 


68 Rosen, o. 8-9; and Bernstein, P. 60-63. 
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would dim whenever it was turned or .°7 The behemoth weighed 


peemost thirty tons, and required 1500 square feet of floor 
space. /° iheemvcawnesses Were tie limited storage and the 
ei OL a Stored program. Thirty minutes to a full day were 
required to do its set-up, and it had to be re-wired or read- 
into as work progressed. /+ 

Pineceeimmediacely upon completion of the ENIAC, 
Professors Eckert and Mauchly begar: work on the EDVAC - von 
Neumann's proposal of the previous year. The EDVAC was the 
mercer. SLOLeCa—-program computer - be started, a prototype ae 
serial computers, and the basis for the latter SEAC (1948) and 
EDSAc (1949)./* 

Von Neumann, in the meantime , Vibe emieiemice Las Ot jie 
Pesociates at the Institute for Advanced Studies (1.A.S.) in 
Princeton, New Jersey, began the development of the IAS 
@enputer, > 

IBM began the development of the IBM 604 Electronic 
Saleulator, a general purpose digital Sone cee 

Later in the year, Eckert and Mauchly left the 


University of Pennsylvania to form their own computer manu- 


facturing partnership. They began work on the BINAC, a small 
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Pimary Computer, and the UNIVAC (Universal Automatic Computer) 
meee r a CCntract trom the National Bureau of Standards. /> 
1947 

Bngineering Research Associates (E.R.A) was organized 
ByeCaptain Howard T. Engstrom and Lieutenant Commander William 
Peeeto. the nucleus of this young company consisted of a 
mee OL Wavy engineers, who had been actively engaged during 
Ere War On communications research which led them into com- 
mee enecc nology. From that year until 1953, there were only 
mmeece major Sources of computer expertise - [EO UU Peres ake 
BeR.A., the Eckert-Mauchly group, and the scientists at the 
er. ‘T'. Laboratory. /° 

MecocOlmiai Lee Wiikes,) at Cambridge University in 
England, began building the EDSAC (Electronic Delay Storage 
Aaecomat ic Calculator).// Professor Wilkes had Spent the 
meevi1ous Summer with the Eckert-Mauchly group at the Univer- 
omy Of pennsylvania. 78 

Under woeOnSOEShip Cr the Office of Naval Research and 
POO 41Gr Force, the Servomechanisms Laboratory at M.1.T. 


ie 


megan development of the Whirlwind IL. A major COnerieuEl em 


eaeene Whirlwind project waS an extensive set of detailed 


Peeharpe, Dn ESO 


aaa. wen Contuol Data.s Magniricent Fumble, " 


Mpeil 1966, p. 166. Hereafter cited as “Fumble”. 


Fortune, 


1! snarpe, p. 186, gives the name as the “Electronic Discrete 


Pouwomatic Computer. " 
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iegte Ciagrams, which though never published were widely 
mimeecwlatced and helped to educate early workers. °° 

Lace men amcuMaucniy Incorporated their partnership to 
Become the Eckert and Mauchly Computer Corporation. °?* 

1948 

IBM announced the completion of the Selective 
Peemence Electronic Calculator. Although an improvement 
feemiiie Mark 1, the machine was only partially electronic, 
@em@eartning 13,000 vacuum tubes and 23,000 electro-mechanical 
Pallays, °- Thomas Watson considered the computer as merely a 
mmevcase LOr IBM engineering talent: and a gift to the field 
Seescet ence, but Saw no commercial. application. °* tie inachinne 
waS put into operation at IBM's New York headquarters. °* 

Move Omeconooracten S Dre Richard Bloch, previously 
Memo trectOr Of the Mark — project, began development of the 
Merc £Oor the National Bureau of Standards. Slow production 
mesulted in contract cancellation. One RAYDAC was ultimately 
Meccalled in 1952 at Point Mugu, emiizozaia, © 


AeaoecocmilcweLutne cancellcadncontract With RayeEnecn, 


the Electronic Computer Laboratory of the National Bureau of 


Posen, Cae 
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Standards began building the SEAC (Standards' Eastern Auto- 
matic ScseeeN aes 

the Bell Laboratories completed the development of 
MeemmianiSimcor,. Its later use (commercially in 1959) marked 
Peemoeginning of the second generation. °?/ 

Heit commenced delivery of the IBM 604 Electronic Cai- 
Seating Punch. A descendent of the IBM 603 Punched Card 
Multiplier, the 604 contained over 1400 tubes, making 
meeeLONnic Speeds available in punched card handling systems. °° 
The 604 was often referred to as the Electronic eaiecmeces 
Over 4000 of these machines were ultimately produced. °° 

ie imeedan ene development ck the CPC (Card Programmed 
@apoulator). The CPC descended frcem the connection, made for 
Meetnrup Aviation, of an IBM 601 Multiplier (later a 603 
Meectronic Multiplier) to an IBM 405 Alphabetic Accounting 
Machine. ?° 

1949 

Pema comenaicMaucnly Conpucer Corporation completed 
development of the BINAC. The BINAC was the first computer 
mheo cOMmDLete internal self—-checking, put WiMeoOircuita te LY Si 


never performed satisfactorily.’* 


86 
Resen, p. 10; and Serrell, p. 1046. 
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Pepe reeana Mauchly yVyisited the Watson Laboratory 
Peserigna COmcract OF Financial support to put the UNIVAC 
pene Market. Thomas Watson, believing that the greatest 
Mempset potential for computers was in scientific rather than 
Meoemiess applications, gave them the “brush off," indicating 
meee NO reasonable interaction was possible, "?7 

Peeteceor Walkes at Cambricoge completed construction 
meno bUoAC, the first stored procram computer to be com- 
Meeeed. The EDVAC was the first stored program computer to 
Bewotarted, but its progress was slowed considerably by the 
Meaecure of Eckert and Mauchly from the University of 
Pennsylvania. ”> 

IBM began the development of the IBM 650, an inter- 
mediate size, vacuum-tube computer which became the workhorse 
memene Industry during the late Te) eee 

1950 

Jenetwr anda slay ihced Hekeort and Mauchly to Florida 
memoe Winead and Gined both ashore and aboard his yacht. Rand 
mwequtred the Corporation, operated if as the Eckert and Mauchly 
Division of Remington Rand Inc., and Pananeea the continued 


development of UNIVAC.?> 


92Rodgers, Peo o ede) cUrVvey ana Stucy of the Computer 
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The National Bureau of Standards completed their SEAC 
and SWAC (Standards' Eastern, and Western, Automatic Computer). 
SEAC was the first stored program computer to be operated in 
emer. Ss, Originally, mercury delay lines, and later, other 
memory Systems were utilized. 7° 

tie PYAC was Completea at the Aberdeen Proving 
Ground, Maryland.’ 

IBM began the development cf the IBM 701 Data Pro- 
cessing System, originally called the Defense epileuieigere: o 

The Korean War brought about a great expansion in the 
@eeueer 2nadustry. During this period, the industry was 
Seecutially non-commercial, and was Supported by universities 
eaemine government. It is possible that without the govern- 
ment (and particularly the military) backing, there would b2 

oo 


Mmemeonputer industry today. 
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The Whirlwind I was completed and put into operation 


Sie accn. this was the first attempt to use the computer in 


emeommand and control qpecniGuene oY The Whirlwind memory 


memomecea OL Clectrostatic tubes developed at M.I.T., a 


Variation of the Williams cathode-ray-tube developed at the 


Hoiversity of Manchester. 1° 


SER Osen , ie te 


7? pornstein, peGoewe Contrast With Sharpe, p. 186, who gives 


EMecwecompletion date as 1952. 
een, See Oemmonomocmac lin >. LODO. 
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Cowes UNEVAG Went Ineo Operation in April at the 
Census Bureau, and became a household word due to its role 
maetabulating and forecasting elect:iion returns. Five other 
feremwenes were soon delivered to other government agencies. 
The television publicity of the UNIVAC accomplishments shook 
Thomas Watson and caused tremors throughout IBM. One of the 
IBM men involved at that time commented that the news "... 
frightened the pee out of the old man, who was convinced he 
mad lost his grip." 9 
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TCimacwoneRhate aceulred the Engineering Research 
Associates, and established it as a separate division 
@ewetacing im parallel with the Eckert and Mauchly DiviSion. 


E.R.A. had already developed the ERA 1101, the first com- 


Pucer to use a magnetic drum memory. 7 


vem ecnpMieciqeheScabem COmpOlration introduced. the 


ere 102.1% 


The IAS Computer, designed by von Neumann, and 


financed by the U. S. Army Ordnance Corps, was completed at 


e 
the Institute for Advanced Sendiecs <> The machine utilized 


cathode-ray-tube storage and performed parallel binary 


102, oagers, paw Loos 
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arithmetic. Several others of the same design have since 
meeeoutlt, ancluding ORDVAC and LTLLIAC at the University 
of Illinois, the MANIAC at Los Alamos, the WELIZAC at the 
Peeetiai Listitute in ~srael, and one version built at the 
Rand Corporation affectionately called the JOHNNIAC (over 
von Neumann's ebiieetions).-°° 

Htc elt twice was COnver_Led FO magnetic core memory. 
It was the first computer to successfully incorporate the 
@emepeloent—current magnetic core 

Pe ecminliias DEOQCUCE LON COMputer, ne Pe 7 OL Data 
Pmeeecssing System was completea. +? ties /OleueriliZed the 
Mweeeams Cube memory, magnetic drum with tape backup, random 
EOS 


Mmeeeos, and parallel binary arithmetic. 
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MicmikcetbeaWam@imeorwOratlin)y, Originally the. computer 


eesoton CL Consolidated Engineering Corporation of Pasadena, 


Poe the Datatron computer.++° 


The Computer Research Corporation built the CADAC. 


National CaSh Register later acquired Computer Research, and 


Marketed its CADAC LO2ZA and CADAC 102p, 71+ 


Pel Pemneunceee tic i Eiin7O2 -sa business computer 


Gesigned to compete with UNIVAG. 1° 
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1954 

PPemUNr Vac was GClivereqg tao the General Electric 
Seererance Park in Louisville, Kentucky, the first commercial 
Seelication of a stored program eGiajere ee ee 

Picea oumtbMincaO was instelled. Ultimately, over 1000 
of these systems were sold by rae 

rest BM (O22 was determined to be inadequate in several 
meoects ond generally inferior to the UNIVAC. The company 


announced the IBM 705 as its replacement and withdrew the7C2 


Peon the market, although a few were delivered in the following 


—— 
155 
Fe ieucOneanaioneywell sect up a firm to manufacture 
meemDacamatic 1000, a large scale machine. The new firm was 


controlled 60% by Honeywell, 40% bv Raytheon. -*° 


iC meC totem icc hy Davyision and the E.R:A. Division 
PesenCcomolneg into the UNIVAC Division of Remington Rand In- 
corporated. The UNIVAC became the UNIVAC I, and the ERA 1103 
momeane the UNIVAC Scientific Computer. Later, in June, 
Remington Rand merged with the Sperry Corporation to become 
meerry Rand Corporation. The UNIVAC IT, with magnetic core 


AES 
memory waS announced. 
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TEM began Gelivery of the IBM 705, a character- 
eee mec Commercial data-processing computer utilizing a 
Teanectic-Ccore memory. Many orders were received from UNIVAC 
SmoLcomers as UNILVAC IIT delivery was delayed. While many 
Mmeemea tiat the /05 was still inferior to the UNIVAC I, IBM 
tamea into the lead in the industry. ?1® 

1956 

Pei eotniouwNcea seme: Du loing of the STRETCH computer 
Maeer CONtract From Los Alamos Research Laboratory. The 
STRETCH was known later as the IBM OO 

ie fun enOodueeca sts IBM 7/04, which was originally con- 
owe eo as Aa MOCITicCation to the 7Ol incorporating the magnezic 
core (IBM 701M), but ended up sufficiently different to war- 
mie CecCesignation. The 7/04 was ar outstanding machine for 
Meo period, and created a near monopoly for IBM in large 
weere oCleCntitic computers. It feetured a high speed magnetic 
eer LlOating pont arithmetic, and indexing sguemene.o” 
ieenolly COmpetitor in this field was the Sperry Rand 1103 
series (originally the ERA 1103, then the UNIVAC Scientific), 
momen incorporated a magnetic core in the 1103A, added floating 
point hardware in the lL1O3AF, and was the first computer with 
an interrupt system. Although it was considered by many to be 
Be ibid... 5, 1S 


eecbid., p. 26. 
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Meer ior tO the 704, late delivery and poor support led to 
mess of eics.- 

Bu:icroughs purchased Electro-Data COBOGraotlton wily 1s 
Mito COmMDULEer Which proved to be excellent competition to 
eae LBM 0) aka Burroughs produced Electro-Data's small scale 
feeeemnes, the Bl1Ol and E103. These machines were so small 
meee British Scientist, Dr. Wormsley, while visiting the 
Burroughs Research Center, commented about a mountain that 
Mere tajbored to produce a mouse.~*> 

Rae - eat i BM, the leadsng See Manu tactu te. 
Seeeice UNIVAC s early lead, had delivered 76 large machines 
meee ordgers for 193 more, while the UNIVAC division's figures 
were 46 and 65 respectively. 1*4 

SeCeavekoand os UNTVAC Divisleon Contracted to build the 
LARC (Livermore Automic Research Computer) for the Livermore 
Peeearch Laboratory of the Reh 

RenedelsivercdmeiewbloMaAc which though already out- 
Mmoced, proved to be an “interesting failure." It utilized a 
small magnetic core backed by a magnetic drum, and as the 
Seon OL Magnetic Cores was reduced, drum Poneto became 


Peseleteo. The interesting feature of the BISMAC was the tape 


system designed to completely eliminate mounting and dis- 


mounting of tapes. Several hundred tapes permanently occupied 
eo Rosen, Oe das a 
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fierr OWN low cost tape transports which were interconnected 
freough a relay switching Sane ms 
eT. 
eee einer oleDabto COLDOralloOn was established by 
MeieopoOucS’ from the UNIVAC organization. The departing group 
was headed by William Norris, now president and chairman, and 
mameoue ik. Cray, considered the leading computer developer in 
meemwoculd. in almost no time at ail, they had a computer 
@eergned, ready for marketing, and their first order received 
(from the Naval Postgraduate Schoo at Mencene mic! 
Le oNeGie@woLrtLtTeuwltey and £2 nancial problems forced 
the Underwood Corporation to withdraw from the eNeI ee” 
Honeywell bought out Raytheon's interest (40%) in tie 
PeoeomatLce LOOO, and operated the organization aS a separate 
forvioton. Deliveries were too late and the cost too great, 
M@eyver, to overtake the IBM 705. The computer was withdrawn 


from the market. <7 


PipebkeosoCdan DLOdNCT1OnN of the Philco POOR 
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The first IBM 709 was delivered. Tt featured an 


advanced, internally buffered input/output system, but its 


Mice Ot Vacuum tubes made it already eeooiletes = 


mectbid., p. 16-17. 
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ee Rosen, eet 2 
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Mew tioteiictallatiton Of the Burroughs 220 was made 


> 
in fecember.- ~~ 


Weheye, 





emo ecOndmocherati1On Of Computers began. The trans- 
istor effort got underway with the NCR 304, a joint NCR/GE 
effort which proved to be too slow: the RCA 501, also slow 
aivemwith a COBOL compiler; the IBM 7070; the IBM 7080, built 
Memcun the IBM 705 programs; the CDC 1604; the Honeywell 800; 
and Burroughs' B5000 and B5500. Deansistors also made possible 
the rush to relatively small computers such as the IBM 1400 
and IBM 1600, which were marketed by the thousands; the RCA 
Seeeeand CLC 160 which sold hundreds; the Burroughs 200 series; 
the Honeywell 400 series; the GE 200 series; the NCR 300 
Series; and several others. 17? 

Baie fist 705 Teeeactoanecd Some geese aca d 1. i) tie 
foes scale data processing field, but its use of vacuum 
tubes made it extremely vunerable to aeaeeeieien. bo 

Control Data announced the CDC 1604, its second 
Memeration entry, in Oatober.- > 

Nee vOMoleecasl Reqi ster pemecad its new generation 
Semeouter, the NCR 304, in Nevenberm a” 

Dieemdomi Maueniy  lete Sperry Rand Co set up Mauchly 


: 137 
Peseocitates, a COmMputer Service company. 





meserrel., Pee. 
13 3Rosen, Je, PA ee ae 
ta spid., p. 14. 
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hese, “rumble,” p. L65S. 
Serrell, p. 1052. 


"Dr. John Mauchly, Un-Success Story," Forbes, 15 June IGS, 
Demko. « 
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Pelee eoG beliebter Compucter, the 1105, replaced the 
SomevAc Pf at the Census Bureau. This machine featured buffered 
input/output, but just as with the IBM 709, its vacuum tubes 
made it obsolete. It was used, however, in the census of 
Mee0, >> 

The first two IBM 7090's, solid state systems, were 

Semmeverca an November to the Ballistic Missile Early Warning 
Peeeom. Moc /O90 S were an extremely Successful computer. 
imereds cl systems were sold at $3 million per copy. MThe 
Meemine was later converted to the slightly faster IBM Olas aes 

RCA made the first installation of its second gener- 
140 


memmemecomoutcer, the RCA 501, in December. 


WEISS, 





tiewOliny? Cel kee Was installed at Livermore. Another 
meewourlt and installed at the Navy's David Taylor Model Basin 
mmmeaGoerccs, Maryland, near Washington, D. C. These computers 
Ppememweclassitied as market Eailures, but did provide signifi- 
@eome Stimulus to the industry from 1956 to Hos oe rae 


The Philco 2000 was delivered, but even prior to 


Gamivery, it had been overtaken technologically by the IBM 


mooo.* 

ee ROSEN, On be. 
SeeTbid.. ey 24. 
mecerrel. | DemehOs 5. 
pemROSen, DO 274 
142 


Ibid., p. 23. 
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The first installation of the UNIVAC Solid State 
80/90, a medium-sized data processing system, waS made in 
Memeary. AS evidence of the IBM influence in the market, 
foe UNEVAC S card equipment could be adapted to handle 80 
ei lO0 column caras, +44 

SoneromPatarwceclivyerca, anc installed its first CDC 


1604 in oe 


ie ome eee Yeu devClopnient period, LBM installed 
meemcelatively small sized computes, the IBM 1401, in 


Pepeember.- > Ppew Ee Olpeevea to be IMB’S most popular. 


Semouler. More than 10,000 were ultimately peated. => 

ii mi testecliveryeor Ehe Honeywell’ SOO was made in 
Memeemoer. The S00 was a general purpose system capable of 
mametng C2iqht distinct programs Simultaneously without special 
instructions. 1%’ 

GeneeeteVatasoegGamybuatding the CDC 6600, a super com- 
Mewetror toe bivermore Laboratory of the A.E.C. The specifi- 
Seaetons Called for a computer three times aS powerful as the 
PereercH computer which IBM was building for the Los Alamos 
laboratory.?7% Although CDC had received the contract and 


commenced construction, the 6600 was not publically announced 


Mater! 1963. 

Meee yet. Pa Oas— L054. 

Beatbid., p. 1054. 

eee ibid. 

140,;se, T. A., "IBM's $5,000,000,000 Gamble," Fortune, 


Pemeemoer L966, p. 122. Hereafter cited as "Gamble." 
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PmembonmmetimolOthnick, WO WaS receiving almost no 
mmanelal Support at Westinghouse for his work on a computer 
memos tie SOLOMON, transferred his efforts to the University 
of Illinois. With financial support from ARPA (Advanced 
Research Projects Agency) of the Department of Defense, he 
Seeing the development of a computer, similar in concept to 
MmeemoOLOMCN, Called the LLLIAC IV. The ILLIAC employed a 
beeeily COontroverSial parallel processor approach. -*" 

Po iis hae Imorocucea the UNILVAC III, but it was too 
expensive for the medium priced 24 cael ee | 


eee 





~The Bendix G-20 was delivered and installed at the 
femeerie ROS eCarch Center, Houston, Texas. The G-20 contained 
tubes as well aS diodes and transistors, and was used for cil 
reserve pone e nu cine SelmeLons. OL DrOoblems requiring 
erent tO ten billion arithmetic operations.??+ 

PeieocCUnmenerocotesieorn mes System SOO -with the ulti- 
mate goal of complete standardization and compatibility within 
IBM of all codes, modes, and units. Preliminary design and 
engineering of the 360 were conducted under BEGiita SSCuUriLy.. 


2 
Public announcement of the new system was withheld until Hee. 


pe bid.) p. 28-29. 


me ocen|. Die 28 


tT 
Beeserrell, p. 1055. 
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tet seo tketCH Computer was delivered to Los Alamos, 
but failed to perform at advertised speeds.: It was so dis- 
Bepointingly slow, that it was classified el ene ey tu eh tears gi Sigean g' 
meemneace Of orcgers for 15 STRETCH systems, IBM withdrew it 
Zeon Che esa eee 

CeMeLolw Data S president, Walliam Norris, expressed 
@emectn that STRETCH was not So mutch a failure as it was a 
eeeged maneuver to curtail So@-eeohery Into, che SclLenti fic 
meouLcer market by robbing it of potential anereentnae 
This accusation by Norris was somewhat Surprising in view of 
Meee TOuncement Gates of the respective systems. IBM had 
emrounced its STRETCH computer in 1956, far in advance of 
meee building of a scientific computer for the A.E.C., which 
Began if i960. 

1962 

Mie vyAe Lily Twas imerooiced as the successor to the 
Mieemeer res, Although it featured the thin film memory, it 
weemmarKeted too much later than competitive scientific 


aes, 
computers. 


Conese Dota Ineroduced 2S CDC 3600 fy OVE ee 
IBM introduced the IBM 7040 and IBM 7044 computers, 


whieh were similar to the IBM 7090 but offered somewhat less 


19°tphid., p. 26-27. 
Rodgers, OP sien 
lays) 


ROSEN, Pp. 25. 


ese, euio le, (>. LGOd. 
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Peetotnancerdh a Greatly reduced price. It also marketed a 


mol eCt-COupled system in which the 7094 executed jobs which 


= 
Bere Staged and buffered in the TOaOR = 


JOSS) 3 
Vifvreom@a levered 1tS Philco 2000, Model 212, perhaps 
the most powerful computer then being delivered. Philco was 
Maeer aosorboed by merger into the Ford Motor Company, after 


which Ford decided against any major investment in the com- 


PuLer industry.*?° 


Comer eollPata COLrpOraLrion acquired the computer . 
Seve siOn Of Bendix Corporation, with the rights and mainten- 
Sees responsibility tor its G-15 and G-20 computers. Later 


it delivered the first CDC 3600, and was then considered a 


o 
fmeoxr factor in the large scale computer market.*>” In 


August, Control Data announced its next Super-computer, the 


epc 6600. +9 


The Census Bureau's UNIVAC I was retired to the 
PiEeeisontam IMStitute arter 73,000 hours of operational use. 


Meenas Since been replaced at the Bureau by two UNIVAC 1107's 


and a UNIVAC mitoses 2. 


In December, Honeywell announced the Honeywell 200, 


ultimately a very successful computer expanded into a whole 


fige trom the small 100 to the very large Moot. o- The 200 


Sen), p. 24. 
iors! 


WNC ce eee o's 
Se Sharpe, jotaelbe ae 
HS O: . tt 

Wise, "Fumble," p. 165. 
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Seerry, DP. 7. 
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mes GCSigned along the same lines as the IBM 1401, yet was 


30% cheaper. Its announcement prompted a speed-up in the 
IBM 360 se yoleonent. | Heme, wellewas then [IBM's closest 
164 


memoctitor in the business data processing field. 
1964 

Manufacturers began to speak in terms of the third 
SemerattOn Of computers wath their new product lines making 
feeeot MONCLIthnic integrated circuitry; such as the GE 600 
meres, aS a Successor to the IBM (020 Bucweougis » Lull Line 
MemtOo the very large 6500, 7500, and 8500; the UNIVAC 9000 | 
femres; CDC’ S medium priced 3000 series; NCR's Century Systems; 
Mien onaller companies such as Digital Equipment Corporation 
Mmeeietes PIP series, and Scientific Data Systems with its 
Sigma series. *°° 

tie ote LBM mrueunced Hes oystem 360, a third gen- 
Sawer On SYSLEM responding to the challenge of being out- 
Maneuvered in scientific advances. IBM spent over $5 billion 
m@emoevelop, redesign, program, and systematize the full line 
ome 500 computers, Sweeper role mul ei-moaek System.) Initially, 
Six models of the 360 were announced, ae Models 30, 40, 50, 
S062, and 70. Later, to ensure coverage of all classes of 
users, Models 65 and 75 were introduced, replacing the 60, 62, 


Se Se. ie eee Tie mRocw) shOdg eee tne Marketplace,” .For tune, 


October 1966, p. 201. Hereafter cited as "Rocky." 


Be osen, eee, 


f° Tbid. 
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memo Alchougn it failed to meet April 1965 delivery dates, 
mao cCOLPOLration Shipped more than 15,000 installations in the 
Meat three years at an average cost of $300 tioucands.-° 
Raytheon purchased the computer division of Packard- 
Bell with the Models 250 and 440 computers.*°/ 
Ganeraleilectric acquired controlling rights to 
Bemoagnie des Machines Bull of ies cue oe Nieves (ePcsibliiitona) Amalie 
announced that the 600 Series of computers would feature time 
sharing pepanilities, °7 | 
Ceueeeimmoaca Geliveredad the CDC 660 wOeEne Mol VverMnore 
Lab of the A.E.C. The 6600 was even faster than had been 
Meee rioee in the specifications, and utilized multiple 
mepeeneciC® and Logic units with ten peripheral processors. 
Peeeene tLollowing year, every A.E.C. installation had a 660C 
Giiher installed or on eral na) 8 
Project MAC at M.I.T. ordered a dual processor GE €45 
@empucer. MAC had been working on time Sharing concepts for 


several years uSing IBM equipment. Following the lead of MAC, 


Pea Telephone Laboratory announced an order for four GE 


645's. The time-sharing bandwagon was forming with a rush 
merc. i., and IBM'S reaction was “Oe eo It immediately 
a Tbid., p. 30; and Rodgers, p. 275. 

@ Gharpe. bee Leo 190" 

tO8 bid., p. 190. 

ae ice. ROG ows to. 206). 

Be Rosen, ope ae 
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memoumced a large time Sharing machine, the Model 67 to the 
eyocem BeOn? 

RCA announced its Spectra 7O computer, a series 
compatible with the IBM 360. Its models were numbered 35, 45, 
m@eeoo CO indicate performance bracketing 360 Models 30, 40, 
50, and 6C, at lower prices. The Spectra 70 represented a move 
meward Standardization in the industry.??? 

SCenceempata ammounced the CDC 6GS0O0, a computer 
mereadlly 1dSCntical to the CDC 6600, but four times as fast 
fa no more expensive." /4 

EBM announced additional models of the System 360.-t2 
Mee thie Challenge of the competition. The Model 99 was a 
eet -Computer designed to counter the CDC 6800. The Model 44 
Peemoestined for specific scientific uses. The Model 20 
MeePescnited a move into the lower end of the market.*/? 

1965, 

Ute lever no/sOreibh S System S60 appeared to be the 
ieee PLOMiLsSing answer to large scale time Sharing, and the 
Semeeny launched a major effort to develop the necessary 


operating system (TSS). Prospective users were planning 


installations with hundreds of consoles simultaneously 


176 
So- line. 
mei Se, PRE Cy ips) 206. 
Rosen, ‘gee Oe 
Beerbid., rae oe 
Se), PROeky so.) 200. 
176 | 
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TiemeveEC TOG Swas introduced, featuring integrated 
meccuitry. 
GC Weraleeleceri1c acquired the computer division of 
eeevetti in eee 
Raytheon purchased BIAX memory business of Philco's 
Pemonutronics Division.*/® 
1966 
Petia vyeadt, lt became apparent that IBM's TSS per- 
memmance would be marginal at best. It would be difficult 
memeupport even a few ae. MocpeCilocirs. LOL the Model | 
67 were withdrawn. The few systems that were delivered pec 
PeeaeG limited service to about eight consoles.” 
Woaey wel lracquired the Computer Control Company with 
180 


mae DDP Series of computers. 


1967 





tei cleeconrinued Production of the series 90 of its 
system 360. Only the twenty systems already on order were 
PbeLimate ly deliverea. +? 


xerox Data Systems (XDS) was formed in May by the 


Peeer, ACQGULSItLOn of Scientific Data Systems ene) Bee 

ee charpe, on. hones 

Bt ibid. 

ROSEN, Oe Sle 
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FE leosen, Deezo. 

Ben ortice Equipment - BaSic Analysis," Standard and Poor's 


Medueeypoumveys, 9 July 1970, p>. O11. Hereafter cited 
as “Basic Analysis." 
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ie emmOuneced stheosmodelmes of the System 360, a very 
/mrege scale Computer with better price and performance character- 
meres than its series S108 ee 

Efforts continued to develop improved time-sharing 
Bemeware for the 360-67, but by June it appeared that even 
Meee tie Hest possible operating system, the 67 would not 
Mmemreve a Satisfactory level of time-sharing performance. 184 

1968 

Control Data withdrew the CDC 6800 from the market, and 

emmounced a new, more powerful comouter, the CDC PEOOn 
LIC? 

Beyeeiinoumeece Ene —syotem 3, not really a mini-computer 
Pieewaimed roughly at the same market. 78° moe oyvorel 2 Uthlagea 
fee somaller Sizec punched card, IBM's first departure f£xrcm 
its standerd 80 column card. Also announced was a new model 
Seeene System 3600, the Model 195, IBM's most powerful computer, °" 

ISTO 

tSvecammouneea Les new computer, the Series 370, with 
eS initial Moelle, a5 and 165.) Although arriving somewhat 
peemer than hac been anticipated, it was Reneticerac by many as 


tae beginning of the fourth generation. The new models demon- 


Strated faster performance with greater memory and programming 


Be eRosen, m2 oe 

Soetbid., p. 33. 

1S tpi. , Oe aes. 

186 Fi liott, omen tn niagara," Barrons, 2 November 
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meretty, Out Were a disappointment to those expecting any 
Meean-through in state-of-the-art technology. The system 
ferecalled “evolutionary” not revolutionary. +88 

Peewee so 2Ondea seo the announcement with an improved 
meectra /O system, and Burroughs’ enswer was a modification 
memtie B—-500 line called the B-TOOle ee 

Pepe, von ince acquired the bulk of General Electric's 
Semeuter business in May, and established Honeywell Informa- 
Som oystems, Inc. to be operated «S a subsidiary. Honeywell 
fee initially own 81.5% and G.E. will retain 18.5% of the 
new oon ae 

imeoepeemoer, [BM announced an additional model of the 
System 370, the Model 145. ‘The 145 was the first general- 
Meese COMPULer With internal monolithic memory, utilizing 
Peeeqraled Circuit chips instead of separately wired ferrite 


JE SIAL 
Sores. 


B. SIZE AND COMPOSITION 

Ugecnoeanacqelsy, s.irLOrmMation ©n Computer installations and 
magders 15 extremely difficult to obtain. Manufacturers almost 
unanimously refuse to release these statistics. International 
Business Machines (IBM), quite naturally, is not willing to 
confirm the Justice's Department's suSpicions as to how large 
‘femScsand other manufacturers are not anxious to have their 


1B8eriliott, p. 3. 
189 


Ibid. 
me Tbid., p. 10. 
191 


Ibid., p. 8. 
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customers know how small a portion of the market they share. 
Pecordingly, data on computer instellations and sales can 
emey be obtained by survey of re 

Pie —ematinaky sand pernaps the only Source of such infor- 
feeron 1S the International Data Corporation (IDC), 
Meeconville, Massachusetts. Its deta is obtained through 
pepe etcinuing market Survey, the resultS of which are sub- 
Mmeied LO Manufacturers for voluntary confirmation. In the 
mere Several Corporations, including General Electric, IBM 
and Scientific Data Systems, have refused to make any Eonnent 
Meter etna that the figures were incorrect. The compilation 
memewoli sea in tne IDC newsletter, EDP Industry and Market 
Been, ald 1S SOld to editors of magazines, such as Computers 
Peoenucomation, for reprinting in their publications. *?? 
Pimest any other 4. Wena eto GoacenwueererisctallarrLens Ox 
Sewer value of Shipments will reflect as its Source of data 
Seer orer tac BDP inoustry and Market Report. At best, these 


Stacistics must be considered approximations. 
fe) me Enoustry 
iietoty ecae year Lollowing the completion OL “Cie 
prMac, only three principal Sources of computer know-how 
existed in the United States - the laboratories at the 
Massachusetts Institute of Technology, the Eckert-Mauchly 


Group, and the Engineering Research Associates. Although 


several machines were in the design or construction phase, 


1942 charpe, p. 202-203. 
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Beaty two digital computers had been completed - the Mark I by 
fee. 1 COnjJunction with IBM engineers, and the ENIAC by 
Meoressors Eckert and Mauchly. 

Logay 7 ene ImcusStry 1S composed of nine major and 
Peveral other smailer computer systems manufacturers, more 
than twenty manufacturers of peripkeral equipment and sub- 
feeeems, COVEY Nine Companies dealirg in software and E.D.P. 
Seevices, and at least four Major companies in the computer 
leasing bueiness.--> 

Dietingucie calendar year of 1969, approximately 
20,000 computer systems were shipped (sold and leased) world- 
meee iy U.S.-based manufacturers. (itive Touteucnor 'U.S.—bascd 
Memeraccurers’ includes the production of U.S.-owned 
SeeeeleresS JOcacted in £Loreign countries. This distinction 
MemsioOniticant Since U. S. Department of Commerce data on 
Smepments and @xports only include those originating in the 
Waited Biergae Vie Tieweunurative umber Of systems in use 
fede 2nd Of Ehat year was almost 90,000. As reflected in 
Mabie I, the number of systems Shipped and cumulative number 
imomiose ace C€xpected to triple, to 62,000 and 272,000 res- 
pectively, by 1974. 


15 


“Office Equipment, Systems and Services - Current Analysis,’ 


Pensanswand Foor s Industry Surveys, 13 August 1970, p. 


US—-0G. Hereafter cited as "Current Analysis.” 


BU. S. Industrial Outlook 1970, U. S. Department of Commerce, 


mg97@, po. 347-348. Hereafter cited as "Outlook," 
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World-wide revenues of American-based companies from 
mental and sales of computers are illustrated in Table II. 
Meenues during 1969 rose to over $7.2 billion, an increase 
Sf approximately 12% over the previous year. Estimates of 
revenues through 1974 reveal an increase each year of approxi- 
mately 18%. 

ea he Firms 

tie mMaj;or computer manufacturers in the United States 
feemetotcea in Table TIi, with an indication of relative 
market share in 1969 as measured in terms of number OL Sone 
Meee r Shipments and equipment in use. The dominant power in 
m@emangaustrty is TBM. It has held this leading position Since 
foot the beginning of the electronic computer era. The 
fete rcance Of this market concentration will be covered in 
Weme GCeCtail in Section Tei Ome rie Saulay . 

(MiceivMDeLmewCe position in the industry will unquestion- 
ably be filled by Honeywell Information Systems (H.I.S.), the 
meee LOLmMea, by the merger ot Honeywell and General Electric 
Sempucer Operations, although data is not yet available for 
mie combined operation. Sperry Rand (UNIVAC) , formerly number 
EwWO, Will be forced into third place. Rumors persist that 
National Cash Register (NCR) is interested in joining another 
company in the computer business, and is seriously considering 
Bont rol pata.1?° PwetmaocmacCdU Sie Len wOuLG again resStruceure 


the market concentration. 
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ee ee Contains data irom a recent issue of Barror's 
On Shipments and installations of major U. S. computer manu- 
Pmeeeurers, ana Lilustrates part of the problem involved in 
Meeathing 7eliable, accurate information on industry concen- 
MmedgelOn. Barron's used the same source of information as that 
Meea by standard and Poor for the data appearing in Table III. 
Seeeolgnuiticant aditferences exist in the respective figures 
With no explanation given as to how or why the data were 
Meairied. The most obvious differences are $270 million of 
TBM computers, $230 million of Control Data computers eee 
Meer OF 1tS total), and $570 million of the computers of 
Mier tal Equipment, Xerox, and others (more than half of that: 
feel) . 

Pea Lol vaetewlig seqmenl Or the digital computer 
fence t CONSIStS of Peaerecn oceans CMematialil COMmoucLer SvVStems, 
Me@ewpOrtion of the industry generated an estimated $150 miilion 
in sales in 1969, and an increase of at least 40% in this 
Meme ls anticipateca in 1970. The largest manufacturer of 
Mearecomputers iS Digital Equipment, which accounted for 
approximately 55% of the 1969 sales. A number of other 
companies have entered this expanding field in 1970, including 
IBM with its System eee 

Further analysis of corporate strength in the United 
States reveals the IBM is not only the leading manufacturer in 


the computer field, but ranks high among the industrial giants 


=? npasic Pioveagois i. DP. Llai2. 
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Meee tncustri1es. in 1969, IBM was the biggest U. S. cor- 
meraciOn, as measured by stock market value, with a combined 
moet Of all common Shares of $34 billion. The next largest 
eee wert oan Lelephone and Telegreph with $30 billion, and 
Semeral MocOrs with $21.9 billion. For the year ending 31 
meeemoer 1969, IBM ranked third in the nation in net income 
arter taxes with $934 million. Only General Motors and 
Seamcdard Oil of New Jersey ranked Figher. For the same 
period, IBM held the fifth position in total revenue ee 
Meee biliion. The total assets employed in the buSiness at 
m@enenoa Of 1969, of $7.4 billion, earned IBM sixth place among 


we oS. oeeenione: 4 -. 


ee tue Poreign Market 

NedEily (SoZ billion Woe eine seme w eneral purpose —cCompuLors 
Pereemiiiotal! Led in western Burope last year. This year, that 
meals expected £O Tnerease £o $2.6 billion, a rate of 
@eoven OL 307%. By 1980, a conservative estimate indicates 
that European companies will be spending $1.5 billion per 
memen buying or leasing aSijemuees 

iis weojyecelom Lorsees a Great deal of money to be 


Matesby COmpuLer manutacturers, but not necessarily by 


Bs@eecans. Of the 20,000 computers currently installed in 


197 ume Poreune pirecetouy Of the S00 largest Endustrial Cor- 


porations," Fortune, May 1970, p. 184. Hereafter cited as 
MEOmeginie Oe L970. ~ 


198 53 ekman, Philip, "Now It's Europeans vrs. IBM," Fortune, 


oma womst IG ,—p. 37. 
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western Europe, four out of five were either built in 
feetories owned by U. S. companies, manufactured under a 
oes ticense, or built in the U. S. and sold in Europe wita 
European aptnieioclevee, ea 

Heese Oh eo oreCONpULcY SyStems and parts in 1969 
meealled approximately $637 million, and the estimate for 
1970 is near $830 million. Table WV provides a breakdown as 
moraestination of the exports Owe ices 0° 

One oe Nove ver, account 2Oor cnly a small portion of 
Pere —oased Manutacturers computer trade on foreign soil. 
mPeeause exchange problems, local regulations, and other 
eaeerors tend to limit Shipments of equipment overseas, all 
tempor American computer firms have plants in Europe, and 
Meeeroculariy, in Britain. IBM, £0. example, has two major 
production facilities, one in Se@rrond yanceone in England, 
Pease research and development laboratory in England at 
Mepeley. toneywell and Burroughs also have plants in England, 


foeelesNattonal Cash Register has one in Scotland, -—~ 


Cie eeoct i nenie Uo, the European computer market 
fmnas ©BM ian an overwhelming position of dominance. IBM 


filcmee have produced at least half of the computers now Lol 


weal led in western eee oe In fact, some estimates claim 


ee bid. 


Be Outlook, oe 348. 


ae ONRE Technical Report 27-67, The British Computer Scene, 


Pare fi- American Computer Companies in bisiieotl,. OY J. 
Cowie, J. W. Herman, and P. D. Maycook, 17 May 1967, Pp. 3-4. 
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meat [BM possesses 80% of the non-communist computer market. ©? 


Mermeain is the only country in which another company leads 
fee ss Of January 1969, the International Computers Limited 
(ICL) had 45% of the United Kingdom market, while IBM had only 
mero. The phenomenon was due partly to the early work on com- 
fepeeteo in sritain after the war, and also to the success of 
meee > L900 Series acrncieeere, oe 

Seite noe COMmpantes, with the possible exception of 
RCA and SDS (now Xerox-owned XDS), are employing various types 
of strategies to win from IBM a slice of the European Seno ces 
Teele  Loneywell chooses to meet ITLBM head-on as though to 
Pemenyering you can do ~ can do better, and cheaper." 
MOteGemMadmitacturers, On the other hand, prefer to infiltrate 
fpmeecate Weak DPOlntS, Or Concentrate on their own strengths. 
feeeral Hlectric is ree Piece wma MOLL LONO OL Nilhos 
Pemeutel Operation not given up in the sale to Honeywell. 
Pumeeougis deals almost exclusively in accounting machine 
Metetacts with banks. Control Data is promoting its sSuper- 
computers. *°° 

Peovevem lw. >. SOpebat lous. 1 Europe gro NOt wlheaGiie 
competition. IBM and other American companies are meeting 
Bait Opposition from European manufacturers, and the battle 
mivolyes more than just a rivalry for commercial markets. 


203 uvapping Around IBM at Bay," The Economist, 25 January 1969, 


Pew Meee rcartter Cited aS. "Yapping. 


bid. 
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MemEcounury Leeis an Urgent necessity to develop this indus- 
MeeeetiwOolLCel EO pLOvVice a technology integral to their total 
Beemony, whachn, for Security reasons, cannot be in control of 
foreign B(OH oa Misia cm lectern d Push by European 
Meerons a> well aS Japan to develop their own computer 
eepoability. 

foe rer wa OadveyoLi, Managing Girector of a British 
Settware firm put it; this is "... not AUSG DabriCcELSsm in 
emer molaest Sense. It iS Simply a question of having this 
meieral industry wholly in the hands of outsiders who can be 
mmmeruenced by many things including their own State Department." 
Met ee rertLing, OL Course, to an incident which occurred in 
ioc, when Control Data was requesting permission to export 
meen machines to France. Two of them were directed to France's 
Meerear—-weapons laboratory. The U. S. government refused to 
See tie Gxport Jicense until France guaranteed that none of 
meemnaenine would be used in their nuciecar weapons program. 


Waturally the incident was carefully observed throughout 


Europe. -°/ 
Currently, there are five major companies of signifi- 
cance in Europe - Siemens and Telefunken of Germany, Compagnie 


Mecetnationale poux l*informatigque (C.1I.1I.), Philips of the 
Memenerilands, Olivetti of Ttaly, and the British International 


Gemouters Limited. Realizing that no one of them alone could 


Sout look, Dae oads 
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Meet O OC ctrective, these companies are planning a joint 
feemeure tO compete with U. S. firms in the international 
Parket.°°° 

Wemi@@enadeeOreta@ae wWwili Neve an effect on the intex- 
Peeetonal Market Structure is Israel's new Golem computers 
Bema Ceveloped by the Weizmann Institute of Science. Its 
@eegecttOons Call for the introduction of an advanced, giant 
Computer sometime after Moaone 

MemeckOeco or 1970, [BM engaged in two days of talks 
feeeeeenec SOvViet State Committee for Science and Technology to 
Study the possibility of doing business with the Russians. 
meee LeCatizing the enormous amounl: of red tape and possibls 
Meee. Criticism involved, IBM envisioned a potential market 
there of several hundred million dollars. However, RuSSian 
@iemeocetOls that IBM also build a components factory within 
Metemoov tet Unicon were judged by IBM to be not in its best 


Miferest.<.° 


ee Outlook, joe 25s R 


B tbid: 


eee econ DUDLeUS ToL Russian Market," EDP Weekly, 12 October 
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Iif. COMPUTER INDUSTRY MARKET MECHANISM 


mie PULPOSeG Of an industry study is to examine the 
Pemerity Of economic and industrial literature, reports, and 
meveres concerning the history, structure, conduct, and per- 
meemance in a designated sector of the economy; it should 
mgm De possible to identify the relevant determinants of 
fees and output quantities in that industry's market placa. 
Wetter Adams has noted that such careful introspection of 
industry thought processes has been Pesan ay an eee 
Meeerttadking, perhaps because of the availability of data ani 
PiesPpersistency of the public interest. He has prologued his 
eeaomination of several industry studies WLEneene Caution Liat 
merely amaSsing a quantity of facts relating in one way or 
Petes FO an industry iS not sufficient. "The difficult 
Meoolem 1S to relate these facts to a satisfactory explana- 
tion of what has always been the primary objective of economic 
Seudy in this area, prices and Sey eager 

TiemiMivoica Meciabkbenge win thie preparation of this thesis is 
moiemunchareed Condition of the masses of data relating to the 
PPeceLOn1c Cidgital computer industry. That no prior industry 
ey Of COMPUtecr Manufacturing could be found that followed 
Baer aoOove Classic outline is not Surprising. The leading 


cause might be the non-availability of reliable information 


ee eae Walter, ed., The Structure of American Industry, 


Powbeeenotetpon, Macmillan, 196], p. xXL1l. 
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Pemecrning prices and quantities, and from a review of the 
Mee mocllOUs attempts to analyze effective computer output in 
Remon ot bits or lines per dollar, nanosecond performance of 
instruction execution, and memory access speeds, no useful 
Semepucer industry output can be synthesized. Several such 
emcees Well be Cxamined in this section together with 
additiona: information gathered from government sources and 
other reports. The organization Cupeiine seCeton will L£oliaw 
Miewoucline recently published in Dr. Frederic M. Scherer's 
meee year study of industrial nee acon: it is presented 
Beeeeogure |. The elements of this outline have been found to 
Sem-erm with the minimum considerations of other distinguished 
ama respected authors. 714 Pmeeeoencrer  S8CuLliIne provides an 
Pecetlent framework for evaluating the casual relationships 
which flow from the basic conditions of Supply and demand 
mmeoughioui: the market structure, to influence the conduct and 
Pererermance of an indusStry’s membership. The feedback noted 
ieeortca Lines in Figure 1, for example, is particularly im- 
Peeediie ell Ene CcOmpuucr industry because of the persistency 
MupeeceniiolLogi ical Gqrowth and the resultant effect HW POnweOoMmpucer 
fogdeluentlanges., §—ceVveral amportant aspects of this cyclic 
growth will be separately examined in the nature of the product, 
eempauece GQitferentiation, the importance of patents, barriers 


ona ne| W. F., Section II; see also U. S. Department of 


Misticemlct ten tO autMors by Allen BE. McAllester dated 2 
October 1970; and Scherer, Frederic M., InduStrial Market 
Structure and Economic Performance, Rand McNally, and 
Ceonmoun 19/0, p. 8, 
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memencry Of new firms, and indeed, in every important deter- 


Minant of Market Conduct. 


fee oC CONDITIONS IN THE COMPUTER INDUSTRY 

The basic conditions presented by Professor Scherer pro- 
femee ath Gxcellent format for an anelysis of the determinants 
mampeebees and OucpuEL in Computer manufacturing. Further, it 
meevraecs a durable approach to synthesis of the industry ela- 
Memos into a meaningful structure, which then may be comparad 
fepeemeeucn Classical Studies as have been prepared by Walter 
Adams, J. S. Bain, Richard Caves, A. D. H. Kaplan, ae Be 
aeten Rk. F. Langillotti, R. B. Tennant, J. M. Clark, L. W. 
Weascs, and &. S. Vesons Po eoutline an Figure | 1S parti- 
Sear ly interesting in respect to the COmpmeer THOUS uery ,. nor 
wey tOr the Organization it makes possible, but for the 
Meememeo which have not been revealed in the Hi@enermarnce OF fo 
Pemoo industry very much discussed and analyzed. For example, 
“eam iy mo reliable information iS available concerning 
@empucer Supply and demand data, although a large variety of 
essays and articles have been written which attempt to analyze 
@eeweecOnomic impact of electronic digital computers. Most of 
the data which is available is identified as "based on esti- 
mates", uSually because the large manufacturers refuse to 


Geveel prices and OWEpuL values. Many of the sources con- 


Sulted in the preparation of this section on prices and output 


eon enc pemo meandreaves, sea Chara, American ipdustuy =: 
Structure, Conduct, Performance, Prentice-Hall, Inc., 1967, 
oe Ot]. 


ae 





Memearc? CLO be mesmerized by the price base per unit of out- 
eet CCrMmM>s Of Dits or bytes per microsecond or nanosecond, 
Smet nen relate such selected average performance to an 
Meorerary average rental range. Such is actually the limit 
eeeoome OL the better studies available on supply and deman3 


Bee olputers; and several will be examined in the following 


subsections. -** Tem teereuliey aii being able to more 


feeeeatcly measure a cost-benefit -selationship according to 
Peme meaningful standards, has no doubt contributed to some 
of the mistrust and misunderstanding by managers who employ 
SemeurerS; much of this problem can be traced to very poor 


meeal COSt information at the time of the decision to commit 


emeOoperation to the computer. *"> 


oo ae ee 


Seeeaicht., Cite@ivaw seh aoh oOrt or Country: The Study of 


meio logical Innovation — The Evolution of the Digital 
Saiieiieew, wri. Ds. Dissertaltion, tarnegie Institute of Tech- 
nology, 1964, and two published essays therefrom: “Changes 
Wim cOnmoueecr Pertormance,” Datamation, September 1966, p. 40, 
me bvolving Computer Performance, 1962-1967," Datamation, 
Meanuary 1968, p. 33-35, these works hereafter cited, in 
faeces) Fask,:) Changes,” and “Evolvying:" also compare 
Solomon, Martin B., "Economies of Scale and the IBM System/ 
360," Communications of the ACM, June 1966, p. 435-440, and 
PPeomomeas OL scale anc Computer Personnel," Datamation, 

Mo meteeeo 7 Oj see Oy =F O09, Dbortnw~eited hereatter as “IBM,” or 
"Personnel:" and Yourdon, Edward, "Call/360 Costs," Data- 
Woerone IeNovemoer 1970, ps. 22. 








= Alexander, JOolpeeeomoltencecan t. solve Everything,” Fortune, 


Seo cetaw ep ace teo. ane Withington, Frederic, The 


Pee cmtoucon. | Meselntluence, Uses end Effects, Addison- 
Wesley Publishing Co., 1969. 


ez 





ieepconpucecr Industry Supply 


Meet Lonemler Or supply In Computer manufacturirg 
mee OL been found in analyses of the professional journals, 
ero etiat Cspecially Significant in an industry from which 
the product is costly and is usually manufactured as a result 
Pemorcusctoner Ss order, which customer is normally another 
Beeemess, research firm, or a government agency. In Short, 
Peersenea Goods inventories of computing equipment is under- 
meemaadliy Gcuite small, or of short duration. Many of the 
Seefemts CO be Cxamined herein are not normally considered as 
fewer O1 the Supply of computers. It does indeed appear 
Beep oly 1S not a critical subject for analysis, Since the 
mer OL COMDULECLS appears to be elmost unlimited. Such may 
feeeeodt) Ene focus Of the literature on the demand side. None- 
Zoee, ENC Supply Side contains several important factors 
Pmrereare Constraints, or which are externally constrained and 
MPeewcckLeiminants of output. The market mechanism on the sup- 
ply side includes the costly research and development cycle, 
mie inherently long delivery time, as a factor of production, 
meine backlog Of Customers’ orders. The nature of the pro- 
duct includes many other limitations such as technology, and 
is devoid of some input constraints affecting similar indus- 
meres, Such aS UNniOniZation. A short review of the elements 
of supply will thus serve a later more extensive examination 
ee cine een ee OG: Supply and demand in the market 


erceure: -'° 


SW ise, Veaiefer spaeilo, and ‘Rocky,’ p. 138-140. 
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GeeehawehMacerials 

An examination of the basic conditions in an indus- 
Mmmpcercalniy requires a consideration of the raw material input 
Bememiianuracturing process. The literature was found to high- 
Memmemeie Innovacive aspects, such aS micro-miniature circuitry, 
Puietne Only treatment of the spectrum of input was the aggre- 
eee wtorm (and thus not identifiable to manufacturers or 
specific models or generations) found in the Department of 
Memmimietree reports, such as the “Preliminary Report of the 1967 
Census of Manufactures". The Preliminary Report was made ne 
in April 1969, at which time the computer industry was included 
Peete Stendard Industrial Classification (SIC) code, 3571. 
Of considerable value to the many comparisons possible from 
meme oOariment Of Commerce’sS reports, and to future authors 
PmecOmputer industry studies, EMC VGOMDUEeCrE INncuSeEry Was Sepa— 
Pee LOentiried in the publication of the final report of 
Mmeewe7o/ Census Of Manufactures, published in October 19/70, 
mmemavellable under SIC code 3573. It is now possible to 
eeenene Computer manufacturing in general apart from type- 
writers eae S572). Calculators and accounting machines (SIC 
Bev74), scales and balances (SIC 3576), and office machines, 


not otherwise categorized (SIC AST ae 


ae. SeeuLveamor Consus, “1967 (Census of Manulactures, Sum- 


Mary series, General Statistics, Preliminary Report 
(eG? (FP y-—t)eeU, Se Government Printing Office, April 1969, 
p. 11, hereafter cited as "Census, 1967: Summary Series;”" 
ame 'oG7 Census of Manufactures, Industry Series: Office, 
Computing, and Accounting Machines," (MC67(2)-35F), October 
M270 sherce ter citeo as "Census, 1967: Industry Series.” 


74 
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fi eyelet e general Statistics from the most 
Meeent Annual Survey of Manufactures ,°78 pic eG Gan be seen 
meecOlumns G and 0, "Cost of Materials", that in 1968, com- 
Smee Manurtaecturers applied 1,985.2 million dollars to pro- 
Bemlee CQuUipment valued at 4,151.1 million dollars. This cost 
meenuces the cost of raw materials. semifinished goods, parts, 
Memeonents, Containers, and supplies (including electrical 
energy), but excludes services’ costs such as advertising, 
Meseatch and development, and consulting services. It also 
Seerucaes overhead costs such as depreciation charges, rent, 
Mmeerest, royalties and any material or equipment used in 
Mime expansion. The data for 1967 is also listed in Table 
Terana Presents a Similar ratio in comparison with the out- 
Puc values. It will later be seen that the usefulness of 
Mims aggregated form of industry data can be demonstrated in 
fepeying Market Share percentages to these data, which when 
eeiiealed With individual manufacturers’ operating statements 
provides a more comparable meaSure of costs and profits among 
such firms. 

Toi te i WNtete. the Genera ‘accel Gaccgorne. 
of raw material input to computer manufacturing (SIC 3573) 
Paeorging tO a Ssax-digit product classification. It can he 
seen from the four largest raw material categories that most 
@eevehe input components are especially made parts and attach- 
ments for eR ecns, which by the code number (SIC 357330) 


aU. eevee ou orecencuc, “Aunual Survey of Manufactures-.368, 


General Statistics," (M68(AS)11), U. S. Government Printing 
Office, June 1970, p. 18-19, hereafter cited as "1968 Annual 
Survey.” 
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GENERAL STATISTICS 


Industry group and industry 


Machinery, except electricsl-- 
continued 


Metalworking machinery....... 50 00DE 
Machine tools, metal-cutting types... 
Machine tools, metal-forming types... 
Special dies, tools, jigs, and 

Lich MGS 9 0 6 6 6: Gooner 
Mecuane tool accessories ......-sce0. au 
Metalworking machinery, CRC wescte cia: 


Special industry machinery... 2.00. 
Meme progucts tachinery....-+..6-ce06 
dextile machincry..... 
PeGuworking Machincry.....«-ce-scereve 
Peper industries rachinery...+ «eo-ee 
Printing trades machinery....... steteders 
Special industry machinery, n.i:.c.... 


General industrial machinery......- 
Pumps and compressors......0e.- 
malieand roller bearings.....sccccees 
Blowers and fans... 
TU ochiSroleul alee aia poo oo oU DOGO m ODIC 
Power transmission cquipment.......e. 
Industrial furmaces and ovens......e6 
General industria) machinery, n.e.c.. 


eeereeeeeee eee eo ete 


Office and computing machines...... 
MVPEWTICCTS +... 
Electronic computing equipment ...-e. 
Calculating and accounting machines.. 
Beales and balances.......e. 


Office machines, 


MeO eOee eserves esvesee 


Service industry machines... 
Automatic merchandicing machires..... 
Commercial laundry equipment.......0. 
Bmetweration machine rys.cc.cesceacce 
Measuring and dispensing pumps.....e. 
Service industry machines, m.c.cCe.ee- 


Miscellancous machinery, except 
RGN ie selec cc neces sess « 


eeereae ee 


Electrical cquipment and supplies 


Electric test and distributing 

equipment... eueMefel Nel Telarcyeneher= tele 
Electric measuring instruments....... 
REOTINC YS cy ss 05 tees cesse se. 
Switchgear and switchboard apparatus. 


coerce ee 


Electrical industrial apparatus.... 
BeOS ONG PENETALOTS . cscs vccesesoees 
Mamast rial controls........-. 
BONDS AP DATALUS 666 n sce sc csc cescccs 
Carbon and graphite products. .ccscees 
Electrical industrial 

Apparatus, N.€.Co+.e..2e-- 


eoeeeeeeees 


Household appliances....... 
Houschold cooking equipment. ....ceee 
Household refrigeretors and freezers. 
Household laundry equipment..... 
Electric hovsewarcs and fans.... 
Meusciotd vacuum cleaners.....-2sesee 
Rear P MICRA TUC Sie) c, «lslcieiie\ sis ele es cle ee ieis'e-s 
Houschold appliances, n.e.c.e.eceeeeee 


Electric lighting and wiring 

CQUIPMCNE. cceescsssccssceceececess 
SURI IIANIS ¢ «oc 0 6.55 css v'o,0'as ene e e's 
PEMSU SLUR EU TES 6.0 ods 6 esos seas ee ess 
current carrying wiring devices...... 
Nonecurrent carrying wiring d-vices... 


Radio and TV receiving equipment... 
Radio and TV receiving sets...... 
Phonograph records..... 


eeeoeceeeeeeeeee 


See footnotes at end of table. 
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All employees 


humber 
(1,000) 


es 


A 


324.1 
SonG 
7Att ats: 


109.6 
Dit 3c 
45.3 


204.9 
Ssiepl 
37 


9S o 


Bo 


AOS wT OW 


—_ 
ot 


NAWAOWw 


* 


~ 
o 


Nn 


200.3 


1,901.8 


tii od! 
Gl 
48.9 
64.9 


208.7 
107.3 
93.2 
14.7 
11.8 


Yen el 


N78 oH 


166.4 
31.0 
67 .6 
44.0 
23.6 


niae fal 
Li2 6 
14.3 | 










Payroll 
(nuiliton 
dollars) 


B 


1,037.9 
472.5 
342.3 


1,615.6 
7a ee, 
256.8 

93.4 
NOt. 3 
4a oe 
566.0 


2,146.5 
Shen 
$63.4 
ri selge! 

94.3 
412.0 
pb rae: 
JOO ov 


1,€57.4 
169.8 
961.6 
324.9 
44.7 
156.2 


1,048.5 
62.9 
SOne 

wee 
46.7 
161.5 


1,498.7 


13, 931.5 


1,271.2 
443.2 
358.3 
469.7 


1,500.4 
764.9 
382.4 
136.2 

63.5 


UG IGES 


1,183.8 
142.4 
396.9 
174.0 
251.9 

67.7 
45.8 
105.1 


1,058.9 
187.7 
430.8 
264.93 

75.5 


750.0 
665.9 
64.1 


Pumhey 


(2,009) 


C 


1377.6 
16.3 
43.0 
NO)623 
35 .6 

Cou 
4.6 
Pie 


131 .0 
27 .O 
By] gtr 
34.7 
17.4 


103.5 
Boe 
Wala es 


Production workers 


RA 


a 


= ee a elm ent 
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TABLE 1. General Statistics for Industry Groups 


19C8 


Monhours Wages 
(million 
(millions) } dollars) 


ES = 


nyssler 1,953.0 
118.8 59.4 
43.004 isi, als 
205.0 801.6 
89.6 315.8 
66.9 218.4 
284 5 948.0 
44.7 149.7 
56.4 165.2 
18.9 Boe 
THIS, | LOS7..6 
43.0 155.4 
92.0 316.0 
388.2] 1,347.1 
$6.8 331.8 
40.4 349.4 
31.5 97.2 
16.5 79.) 
RO 8 270.6 
15.4 51.9 
90.8 167.1 
225.5 795.7 
34.1 104.7 
114.6 370.2 
52.5 | 206 .3 
7.74 ia 
26.6 | HE.4 
213.6 668.5 
16.06 Artes 
9.7 31.8 
151.1 480.3 
9.1 26.5 
27.9 87.6 
Soe tel 1-122.5 
2,626.9] 8,038.2 
246.6 757.3 
76.7 230.9 
74.8 236.1 
93.3 290 .3 
301.9 950.4 
163.9 511.1 
67.8 ra 
20.5 81.3 
17.9 58.7 
41.8 87.6 
270.9 849.2 
34.1 99.4 
84.5 305.4 
36.9 130.6 
69.0 G4 co 
14.5 46,5 
9.2 33.0 
22.7 69.8 
200.7% 716.7 
52.21, | 149.3 
101.2 1)mee78.4 
67.7] 171.6 
36.1 114.4 
399.51 528.8 
17€.1 | 4€9.7 
23.4 | 59.1 | 
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Value 
added by 
menutac- 

{ure 
(million 
dolla:s) 


F 


5,004 .0 
1,357.6 
452.8 


1,619.4 
9186.1 
666.1 


3,008.1 
514.2 
445.8 
PAYS sas 
237. 
473. 

1,068, 


a SC ue 


w 


4,091. 
1,206.2 
650.4 
208 .0 
153.4 
aSGno 


2,264.2 
Vio. 
100 .5 

1,576.6 
JO05.3 
348.2 


2611.5 


26,634.5 


2,623.3 
826.6 
783.2 

1,013.4 


2,848.6 
1,405.9 
731.9 
265.7 
188,3 


256.8 


2,880.0 
Oe 
889.4 
499.9 
631.9 
208.4 

66.4 
259.5 


2,479.0 
588.8 
924.8 
563.2 
397.2 


Se ie i 


Cost of 
materials 


(million 
doliats) 


2,462.0 
Wed eit 
264 .5 


Si 2.6 
406.5 
le Uti 


22178 
338.1 
ai2e4 
142.5 
246.9 
3416.4 
831.5 


2,914.5 
1,647.8 
S09 l2 
Ceaial 
Siac 
458.4 
21309 
389,1 


2,591.6 
VSa5 2 
1,485.2 
164.6 
Sitio 
2O del 


z,€05 6 
133.2 
82.8 
1,996.4 
85.4 
307.8 


1,209.3 


ZO site) 


3 


1,661.1 
412.8 
580.2 
668.1 


1,944.9 
991.7 
401.7 
245.8 
117.4 


Mares 


3,022.2 
329,2 
1,087.7 
598.7 
547.0 
jagel 
35 .0 
291.5 


1,791.6 
278.2 
834.2 
379.9 
299.3 





Value of 
shiprients 


(million 
dollars} 


kK 


%,485.2 
2,993.1 
716.6 


2,188.2 
Pe ea, 
1,174.4 


Sy176.8 
841.9 
740.6 
350.4 
554.2 
64.2 

1,864.3 


6,°63.1 
2,241.6 
1,344.3 
575.5 
191.1 
1,278.3 
413.9 
928.4 


6,961.7 
613.5 
4,151.3 
607 .6 
WSS 
SSO 


4,854.5 
265.1 
164.0 

3,562.6 
187.1 
655.8 


3,833.6 


46,733.5 


4,266.0 
Vin els: 
1 SIGS: 
1,670.2 


4,802.3 
2,403.9 
114504 
513.9 
302.9 


2 
; 
, 


436.3 


5,915.9 
628.5 
1,978.5 
1,097.0 
1,193.1 
339.0 
10-2 
549.6 


(For explanation of column 





Capital Endol- 
expends yar 
tures, inven- 
NEw tories 
(million (million 
. dollars) dollars) 
| 
GIS.8-% 1, C7124 
63.5 538.7 
28.8 211.4 
143.9 333.8 
43.5 275.3 
24:3 shee 
167.1 |- 1,281.8, 
39.7 205.9 
24.2 190.6 
14.2 74.1 
9.6 123.35 
27.8 228.0 
51.6 459.7 
360.2 | 1,600.4: 
TAasews €07 .8' 
184.7 338.7} 
14.2 86.4 
(14.0) 11.6 
41.8 298.8 
6.0 57 .f 
29.5 199.4 
194.6] 1,690.¢ 
30.3 126.2 
121.6 | 1,075. 
22.6 305.2 
(2.6) 38.4 
227 145.1 
149.0 | 1,061.5 
Ano rice) 
1.4 40.3 
1275.2 Tele 
6.7 44.2: 
11.4 118.5 
149.3 426.4 
1,486.2 | 8,914.3 
133.0 901.2 
Aga 392.6 
44.4 264.0 
41.5 327.6 
192.0 40.3 < 
S72 445.2 
(49.7) 235.9 
16.7 99.3 
22.8 ue 
10.6 §6.5 
126.1 988.6 
15.7 116.0 
33.6 312,1 
26.0 140.1 
yay aS) 229.3 
9.9 60.3 
4.1 43.6 
14.0 87 .0 
136.2 685 .6 
37.9 #0 .8 
$9.0 ANS: 
OT at lide 
(21.6) 147.3 
41.8 693.8) 
36.4 65€. 5} 
5.4 36.9 
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and Industries: 


captions, see appendix) 






All employees 














Nuriber Payroll 
(million 
(1,000) dollars} 


! 
334.2 2,833.4 
86.9 US 
28.9 247.4 
111.6 1,013.1 
59.8 475.7 
47.0 339.9 
206.8 1,575.2 
32.3 248.6 
39.6 252.3 
12.6 83.7 
21.6 dase 
29,,1 239.2 
71.6 576.3 
278.9 De 32.8 
75,7 591.7 
59,1 457.9 
21.6 152.7 
10.9 106.5 
$4.3 407.0 
15.0 122.0 
39.3 295 .0 
189.6 1,455.9 
26 .0 172.3 
mmo 98.2 798.3 
38.4 294.4 
6.5 45.6 
20.5 145.3 
141.6 959.6 
10.0 59.2 
ee 50.9 
97.6 660.1 
6.4 45.5 
20.1 143.9 
202.2 1,439.4 
897.1 13,129.0 
178.5 1,251.4 
62.4 431.0 
47.6 331.6 
68.5 488.8 
208 .2 1,427.7 
110.3 750.4 
50.9 354,7 
14.0 120.7 
11.9 82.8 
21,4 119.1 
168.2 1,088.9 
20.2 127.9 
50.0 357.8 
eRe: 154.2 
45.0 241.8 
10.0 62.3 
6.4 49.3 
14.4 95.6 
160.6 967.0 
29.5 169.9 
64.9 389.6 
43.0 248.8 
23.2 158.7 
129.6 wi5.6 
116.2 640.0 
13.4 75.8 


ear mee. ae ee ae 
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1968 and 1967-Continued 











1967? 
Production workers Value 
added by 
manufacture 
Number fan-hours 

(million (million 

(1,000) (millions) dollars) collars) 
254.0 556.1 1,966.5 5,044.7 
60.3 131.5 475.1 1,389.4 
20.7 45.7 163.7 429.9 
$4.0 213.6 785 .6 1,608.9 
44.8 95.5 321.8 G16.7 
34.2 69.8 220.3 699.8 
140.5 295.2 947.0 2,865.9 
9 a 45.0 116.6 499.5 
29.3 62.2 168.4 404.9 
8.7 17.6 50.3 190.8 
14.6 Ripe 171.9 285 .9 
20.1 42.1 146.8 438.0 
46.0 97.1 321.0 1,026.8 
196.7 410.4 he a54 5 4,107.3 
50.2 105.3 336.8 1,216.8 
47.6 1O1.,2 344.8 839.5 
15.5 32.6 66.1 305.0 
9.5 19.4 87.0 166.1 
40.3 82.9 ks Moe | 795.6 
8.1 16.7 53.6 944.5 
25.5 52.3 163.5 539.8 
119.1 236.1 754.2 Si 324.3 
19.9 39.3 116.7 455.0 
50.3 103.5 312.6 1,920.7 
31.3 58.6 219.7 518.2 
dis &.5 24.0 90.0 
13.3 26.2 81.2 340.4 
102.4 206.3 614.5 Palais 
7.8 4.8 39.6 130.8 
5.4 11.2 52.5 96.4 
71.8 145.2 438.7 1,506.1 
4.3 8.9 25.0 66.6 
lala 262 78.7 301.8 
168.5 346.6 1,090.4 2,525.5 
1,338.5 2,643.8 7,683.6 24, 8414.7 
126.3 251.9 751.5 22556. 
Aine 80.2 228.3 809.5 
35.6 Aes 219.1 719.6 
- 49.5 100.2 304.1 1,026.8 
153.8 309 .6 928.8 Pan he apy 
83.5 168.9 504.7 1,106.0 
45.0 70.0 217 722.8 
9.6 20.2 74.5 256.3 
9.1 18.5 57.8 186.3 
16.6 32.0 80.1 218.8 
134.2 261.0 778.5 2,543.4 
15.9 32.4 88.4 254.0 
41.3 79.4 273.5 769.4 
728 $3.7 113.9 408.5 
35.9 69.8 163.0 597.0 
7.6 he ee 4223 ooo 
4.9 9.7 S407 95.3 
10.7 21.8 62.7 227 0 
126.2 248.8 656.4 2,254.9 
25.8 49.9 136.0 537.7 
50.2 99.2 253.8 832.6 
43.2 65.5 164,5 538.2 
17.0 S12 102.1 3-46 .4 
AGT 204.5 514.0 1,576.7 
95.8 182.5 460.5 1,396.6 
10.9 22.0 53.5 180.1 


Table VI 


iT 


Cost of 
materiais 


(miltion 
dollars) 


Q 


2510.2 
767.4 
266 .2 


961.7 
413.2 
481.7 


2.16402 
336.0 
308.9 
128.0 
270.7 
324.1 
796 .5 


2,909.7 
1,040.7 
512.0 
25 cu 
37.4 
481.3 
230.6 
382.6 


2,465.5 
EI HS! 
1,569.6 
198.2 
Sies 
Gat al 


2,331.9 
122.5 
85.9 
1,760.9 
80.6 
282.0 


1 o2-5 


19,580.7 


1,630.8 
399.5 
561.4 
669.9 


1870.5 
962.4 
390.1 
237.4 
117.8 


162.8 


2 cG2.4 
291.6 
959.0 
562.3 
$19.0 
123.5 

30.0 
Aitidiets 
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Value of 
shipments 


(million 
dollars) 





4,962.2 
824.8 
Tess 
314.0 
560.0 
750.9 

1, 800.0 


6,930.4 
2,224.4 
1,335.7 
530.2 
202.9 
1,256.8 
472.7 
908.1 


5,717.3 
596.0 
3,760.8 
707.8 
140.2 
512.5 


4,390.6 
248.0 
183.0 

3,207.5 
174.3 
577.8 


3,701.4 


43.896.4 


3,912.4 
781.8 
1,602.2 
891.9 
636.5 


4107S 
3,834.1 
2741.2 
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Capital Standard 
expenditures, | End-of-year error of 
new inventortes estimate 
(percent) Code 
, oe for columns’ — ; 
(milfion (milion 
dollars) dollars) 
S qT 
318.2 1,586.6 4 1 6 354 
78.9 535.4 2 1 2 3541 
21.7 202.6 6 3 8 3542 
113.2 240.2 4 1 7 3544 
54.7 272.1 1 1 8 3545 
46.8 336.3 2 6 3548 
178.3 1.25023 1 1 4 355 
21.9 197.7 1 2110 3551 
PPI 185.3 1 3B aes te 3552 
8.2 1057 1 1 6 3553 
19.1 136.8 1 1 | 10 335 
32.9 217-5 1 1 2 3555 
74.0 442.3 1 2 5 3559 
296 .4 1,552.8 1 1 3 356 
63.4 592.1 1 | 10 3561 
107.8 318.8 1 1 1 3562 
14.4 84.7 3 71 is 3 3564 
raga 1227.1), 10 G1) +32 3565 
56.9 286 .0 1 1 4 3566 
15.2 63.1 2 ks 3567 
39.6 195.4 2 1 2 3569 
192.3 1,474.6 1 1 1 3672 
20.1 £1470 1 1 1 3572 
116.6 980.8 1 1 1 3575.22 
32.6 206.8 1 vl 7 3574 
5.1 36.1 5 6] 20 4576 
17.9 136.9 2 4 5 3579 
145.0 1,024.0 2 i 1 358 
Leis 81.6 it 1 2 3581 
4.9 41.6 1 2] 14 3582 
120.2 745.0 1 1 1 3585 
SER 43.6 1 1 1 3586 
10.6 11252 2 Vip 43 3589 
178.6 370.4 2 1 7 3599 
1,562.2 8,599.6 1 1 2 36 
146.9 884.9 1 1 1 361 
54.3 297.4 2 1 1 3611 
54.0 248.5 1 1 2 3612 
38.8 339.0 : 2 1 3613 
207.3 921.4 1 aad 362 
100.8 443.3 1 1 1 3621 
34.9 227.5 2 1} 41 3622 
18.2 99.9 4 Deis 3623 
41/3 69.4 2 1 1 3624 
12.1 81.3 4 3 4 36 29 
118.0 977.7 rt 1 1 363 
8.6 107.0 1 1 4 3631 
23.9 308.5 1 1 1 3632 
31.8 138.6 1 1 1 3633 
PALE 252.7 1 1 2 3624 
TA 59.9 1 1 1 3635 
5.6 See 1 1 3 36 36 
15 79.8 z 1 3 3639 
1356.9 638.5 1 1 4 361 
48.2 83.7 1 1 1 3641 
32.9 248.7 if} 1 7 3642 
34.4 169.2 1K 1 1 3643 
20.8 136.9 3 2{ 19 3644 
93.2 761.8 1 1 2 365 
85.1 723.8 1 1 2 3651 
7A 38 .0 1 lp 1 1 3652 


la e 
(continued ) 
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Delivered 


cost 
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(million datlar 


Unit of measure Delivered 
Quantity cost Quantsly 
(rillien dollars) 
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Meteral 





INDUSTRY 3572 .--TYFEWRITERS 



















Materials, parts, containers, and supplies, COLAL. ccccceceeree | sevsesccvvevevves (x) 146.6 
Nill shapes and forms (exccpt eastings): 
Carbon stcel: 
31011 Bars and bar shapes.......-.. Shel tinlieey wisia Wale eins bs! ne: 06 © 9 6% 4.6 ocvess | 2,000 Short tons. 
31012 Sheet and Sl Pveln oagas SVG se Ss O e1e 8 eet a ee eee eS ee aA Reeeeececnwneo eB easaee Saye Celeeei tro Geo Gee 
31017 Wire and wire POC Sy paodosnonosoud oon bo odUOnO Udo OO OOUn Oo OUS aire Cell Olehe era eieuie el ere: 6 ys 
31015 Struetural shapes. eeeeeeesee#teteeeeeteeeeeteeee eeereete eseeeeoeeee ee @ wea Ols ereeeseeetst ewe @ 30 & | 
331019 All other earbon steel mill shapes and Vere. ere es ere ers «ee era eee —_ a } 
31020 Alloy stcel (except ESS Meee ie oo c/o ba evans aise Sate 6 = So wea Me. OA eee 
331032 Stainless GUEE] «60.0 00 eeeeeee *eeeere ee eeeeoeeereeeeerer eevee eee er eee mo Hake) eenreeve e@orvreee * 
Copper and copper-basc tlloy: [ 
35728 Mepemsire {For electrical conduction only)........... ee MeO hora DiS sess 4 (3) Ce) yA (NA) i 1 
335790 MUI ee aNd CAbVC 25. cess. c ccc c eee ee ees cess seceesecses | BAllion Ibs. 
eopper content.. (*) ce, 
poe kod, ber, and mechanical warc, including cxtruded and/or yi 
dravn shapes. eceo@erereseeseerteeeeeveeesr#hrteeeeeeeeeeeeteeet se eoseeweesoes3w#w#wue#e#eeve million VOS. 6 cuss F, 
135103 Platc, sheet, and strip (ineluding military cups ana CUS CS ae | acete re OC este erase dns wae ee / 
335127 Pipe and UIE Cherie aires cietioncuaie arelie ia: otecis ae he st ee, Te | eeeewesteteoeeeeteeeeeeeeeeeee eee Bi ore ks eeoeew#etf#$steeee ° 
Aluminum and aluminum-bsise slloy: 
3de200 Extruded shapes (ineluding, extruded rod, bar, pipe, tube, 
ete. ves eeeeerekekekeeseee#eee#er+reteteerteeestee eeeeeerteseseeeeeeeeeseeeeseeee#t © @ @ TOOL oeeee3r+35et*e@ vé 
$35202 | Shect, etx, Uae, eh Ele cue A OR eCe rc SSeS ROO MO Ot COE ee es Aras feee ceed cose 2.2 /1 9 
$35209 Aj} Boer Gluninum mij] lerapes and fore (wire, rolicd rod : - } 
; and bar powder, welded tubing ).......... 66000008 Geeieieie ew ierete ee. 10 ee One 6 eis so OF / 
} 
; | Castings (rough and semifynished):? / 
32300} Steel....... 6 See ae er eer cas ane sss | t,000 short tons: ie ve 0.7 
$36100 Aluminum end aluminum-bz.se alloy......-.--- Reet a tev atel ser Vayetees « Ar owerd Wie iy a  veyoues Uhh emrere 1.8 / 5, 
Electric motors and generztors:? 4 
Fraetional horsepower electric motors (under 1 hp.): 
62110 Timing motors, synehbrenous. and cubsynchronous..... De ceetievereiatiers ea) 2) GROG mtemeGine 6 ate: 0 teeve : 
62115 Fractional horsepower electric motors (exeluding timing bres Be 5.8 
UNE 90 goog ais ss ss ae ess Ges ss cece decease sete se eeeennes ick lG Sc eeeeeteerkee 
($62120 Integral horsepower notcrs and gencrators (1 h.p. end fol ct ay PRCA | PRR OSI. whee Cee REC vi - = 
Bearings: 
56218 SU 4 6 4 6 6 GRGnCIGRCRE nen ae eeeee eecoeoseseeve#eeeveeeereeeeesseeeseeseeeeee ee eee eeteeeesevwveeeteeeeeee / 4 
x 
56201 POCMIBIIGU IEEE Toc si clelc cs cies 6 066 00s ewe 6 6 ee ees 08 Lea et aay Tet] eeeeeeteseeseeeeee @ ee@ee##eesesee eel yi ( ) ae 
; . 2 , 1 1 
67010 El ect ron tubes, exeept X-ray eeoveeeeeeeeee eee eee ee ee ee ee ee Hee HO million CPE JOLY AS sl et, at eC) vy. ( ) ( ) 
67408 Solid State semi conduetors = eoeoeeeeeeeveeeewveeeeeeeeeeseeseeeee eee eeete ee Atala ereeevvee ee ) eb | 
67901 | Resistors, capacitors, transformers, sockets, and other y ( 
Blectronic components anc accessorj3cs, except solid state scmi- 
4 MECUNCRICCHIOG ccls oc cee ce ee eee ee (asl Jel Wee: Tot} eeereveevreeereoeree Foe eevee seeveee eevee eo @ eeoeeeeeeeeeee eeeeee (x) {4 
70099 {All other naterials and eomponents, parts, containers, and yi, 
supplies COMSLINICG.s . . <6 6s es 4 ss eoeeee eevee e eee eeeveee778 8 Ce ee oo © eeceve + ‘eee Co) 200;3 
| 76000 Materials and components, Rc a eoeoevrerveeeeesee eee eee ee 8 eeereoer eee tee eee ee , (x) ry 2749 
1967 1963 
4 vere | i 
| Quantity cost Quantity cost Quantity cost 
,. (million dollais) (million dollars) (million dollars) 
f . ; 
INDUSTRY 3573, --TLiC- INDUSTRY 357-4, --CALCU- INDUSTRIES 3573 AND 
Start ve 8 Oa, oi. / TRONIC COMPUTING LATING AND ACCOUNTING 3574, --CONPLTING 
} / sana eainecemmmntaemematmenantnaty EQUIPMENT MACHINES AXD RELATED MACHINES 
i i, 
| Materials, parts, containers, and supplies, : 
ns rrr rlenn on eeoeoveeceeeeee oe? “2768, (x) 141.3 (x) 
Mill shapes and forms (except castings): 
Carbon stcel: A 5 
2011 Peeters bar Shapes,.....-.sc-cccesseocesseass | 1,000 short tons, 0.8 aa) ©) i 
a: Sheet and EUiPivendogecogonn buco o UCU Odo oU MOOI couches a 6605 ooo domo on8 30 1 7,6 22. 
015 BEEUCTUPFAL SHAPCS. ..cccccnsc scene sesvtcessees A0atie@h ooouoD Ono DG (°) = 
3017 vali ake and wire products... ee es OR OSPR ee e@atsaeeve eee © GO: esoeoeevevee eo @ 3.6 . 
3019 All othcr carbon steel mill shapes and forms., | ...dO.csccceceees 2,1 S496 $4.4 
ae 
S020 Alloy steel (except stainless)... .ecccccccccccces fee edOregnccceceens } uu 3,1 { 0 
031 Stainless SEC CIUN. cielvis Wisi + 6 6 eeeveeee tree eeet#eevoe se ee OlOsnsiereerenenelo ese | ‘ 
mp’ : 
_ Sce footnotes at end of table. lable Vil 
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TABLE 7A. Ivieterials Consumed, by Mind: 1°37 end 1£63-Continued 


(See Appendix, Explanation of Terms: 


























1967 1963 
Material Unit of measure Deliveied Delivered Delivered 
Quantity cost Quantity cost Quantity cost 
(million dollars)! (million dollars) ‘miltion dolfars) 
-| cs PSs iets 








INDUSTRY 3573, _eELECe | INDUSTRY 3574 ,-=-CALCU.. INDUSTRIES 3573 AND 





TROAIC COMPUTING LATING AND ACCOUNTING 3574, --COMPUTING AND 
EQUIPMNT--Con. 










MACHINES ={—Con, RELATED MACHINES~.Con, 











Materials, parts, containers, and supplies,-- 
Continued 
: Mi21 shapes and forms (except castings )--Continued 


Copper and coppcr-base alloy. 
m Sare wire for clectrical BOMGGE OC) OMe os soa dk ox 
Insulated wire end PEAR Sci gg ole ava oe 





_ a 





ae Ome OScr 6 5/< 2 
Million lbs, 
‘copper content) 






*eeesetoeeoeaee 





Rod, bar, and mechanical w. re, including 
extruded an/or drawn UCU a 
Plate, sheet, and strip (ircluding military 
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nse es bog Wa |e © ee 































































cups and 0 PROV K Ske eee Rs oe eeeee (+) (fF) 2.4 2.9 
4 , Pipe and 0 (7) (2) 0.3 0.3 
| Aluminum and aluminum-base alloy: . 
i Shect, plate and BRR tale Sacra al gfe-2 iy «ks oes cee as AS] 1.4 
Extruded shapes (including extruded rod, Bair, 
pipc tube, ol | PS Fe ee Ce 8 6 @ e**@eeseeeee *“*@e @eeseecsne J 6 ale al 
All other aluminum mill shapes and forms 3.6 2.0 
(wire, rolled rod and bar, powder, welded 
‘tubing, Uc ence es cae ceccccccccecec. 0.7 0, 4 
|] Castings frough and semifinishe}) :? 
e] 3555 eeseveese eeseoe eetesceoeeeceeeeee ance 1,000 short tons, (2) (2) 0. 6 0.6 
Aluminum and aluminum-base al-oy......ccceeeees, Mod igon Wbs...... (2) eo 2.7 3,2 
| Electric motors and pencrators:” 
} Fractional horsepower elcetric motors 
(under 1 hp.); 
Timing motors, synchronous end subsynchronous. (NA) An? 214, 3 625 (NA) 1,6 
ly Other fractional horsepower electric motors... Cs) &*) i? (7) 353.2 7.9 
; 
g 
‘W Intcgral horsepower motors anc generators (1 hp. 
| and ka Sea sie ction cies GP) (*) Cy () ps ae a 4.1 
| = 
|Bearings: 
af SE es . . e . . . (x) ie (x) Seal 
f e @eeeteeoeoane @ese e e eeecees ee eeeeeneeoe m 4.1 . 
- Sr eerecsceoeeen ese ee eeanesn ea (x) { (x) (Ge) (x) OF 2 
) Electron tubes, except ‘STRESS ra eee ee 6 0.5 1:0 ) @) ee oa0 
Beem at Semiconductors”..........0..00.0006... er: (oer ne eee eae 348.4 141,4 92,2 13,4 259.2 100, 8 
1 Resistors, Capacitors, transformers, sockets, and 
| other electronic components and accessories, 
| *xcept solid state semiconductors,.... Siemetets sfatsrsrarg™  oievdie S's raise tare ee ee oe (x) 205.7 (x) 2 (x) 
yParts and attachments specially designed for 
4 eltetronic computing Beers INN) fete e<iwivieye/ere oie 6 £0e.a/ede egllelexvay cists ede levers eccte te (x) 688,7 (x) (=) (x) 1,215,8 
“Al] other materials and components, parts, 
‘containers, and supplies consumed..........0.006. eS alererersteraste outa avers (x) 622.6 (x) 89.4 (x) 
Materials and components, Tis Ss. k, ek LEN Ma gk at Jacl eeeeeesee e#eece@eeseeeeesesene (x) 29.5 (x) 11,8 (x) 24,3 
J : ; 
ry Material Unit of measure Delivered Delivered 
Quantity cost Quantity cost 
(million dollars) (million dotlars) 
i INDUSTRY 3576.~-SCALES AND BALANCES 
} Materials, parts, containers, and MEE Te UO Ale cy oa'eia'e cue Nl ste gts atale vice he c< (x) 46.9 (x) ee 2 
Mil2¥ Shapes and forms (except castings): 
_ Carbon steel: 
bal Bars and bar SOS Oo OC 0 CG ae 1,000 Short tons, 2.0 0,5 oun 0.5 
2 Shect and ms oe ee oe eae si sss we ee tees ce ecseeececcc, Apis ction ee aes e725 ea | Pao, 3.9 
3 Structura) Ieee cislk se aloe ss 55 eso 6056 640s 0seoeesecccnes oO OA 5a 1 oo Rene De P20 ech 0.9 
Wire and wire ree ele cio) ale) Sug Fn Sala «ss 0 seb 6.04 eee 6 cee cec retell Ocuatoteneber et eie menace ] 7 0.4 Con ( ) 
; All other carbon stce) mill Bee IGE CIS. oisclie Daa =e ciecew |) 6<0dOe vw. cen ota: } : i 2.1 0.5 
0 Alloy steel] (ercept Bare BSN oe avery e) a0 alan Sharad ¢ 44 406 cow ed < devo eo are Ae teks) tat ee iad Dat eeerene 0.1 0.1 
é 0.6 Oo 0,6 
tainless STECG@] sss occ eeeeese e®esc@eeeeeeeveas eevee eeeeeceseues eaeoneoeonweanse eiatmehOls eharte efeisietar a: ao 0.4 Z 


Copper and copper-hase alloy: re 
Bare wire (for electrical conduction 5 Is 1 ae sae [Mdiign lbs... (2) (2) (xa) (A) 
Insulated wire and Bea Meteo le) foc ode) a1, 6.6)-6: 6 6 8SR Ms Sac ave Bae 's Million lbs 


i 
copper contcnt.., (*) (1) (*) (*) 
Rod, bar, and mechanical wire, including extruded and/or 
drawn MEE ole eos ones tives nc ccceccacccccccceces Million US eveie raters (*) 
Plate, sheet, and Strip (including military cups and discs)..| ...dO.. ces ccuee. (7) (1) () 
Pipe and 4 0050565 eer eye AO wna wisvale sreneheds 








| m : i itinue 
‘tnotes at end of table. radle Vil (cor 
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Memeeens tO also be made in the computer industry. The value 
memooo./ million dollars of the total 1,768.1 million dollars 
Meets 196/ census data; the electronics industry as a sup- 
Beret tO the computer manufacturers supplied only 248.1 fila Le cord 
dollars of that total. The electroaics industry is identified 
ByeelC codes which have the first three digits as 367--- in 
eal le ‘Vitae 

Peetowate@PpLopriale at thiS point to note as a con- 
Vention in this section, that reference is made to dollar 
values as above, in the millions Moet m@ai iit be liaons 
because of the variance between the American and British 
peyeccms. WW more complete description of the Standard Indus-- 
meet Clas6ification (SIC) system will be provided in a later 
feer21On When it becomes necessary to distinguish among the 
Pemewous industry classifications. 

ip Technology 

PVemOEOw Lior teEchinovooy in the computer industry 
has been significant in extending the power of the computer, 
Pew on the demand side, in determining the overall growth 
Meee OL Che computer industry. There ee several interesting 
definitions of computer generations, but one is based on 
technological breakthroughs which affect the supply side in 
the form of new models or new families of computers. Some of 
mae technological growth which has precipitated new families 
Or generations of computers actually were achieved in the 


mlleGeronics industry, for example, the transition Erom vacuum 


Se census. sey. Ineustry Series," p. 21-22. 
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Meees LO transistors between 1951 and lisyaen Ducane chat 


PeamoltioOn, IBM was fortunate to have hired -.Dr. Emanuel Piore, 
menmmer heed of U. S. Navy Research, because important techno- 
Memeeca! decisions were before the IBM Logic Committee. That 
Pommetctee had the task of deciding between two leading tech- 
memogies Tor the System 360 hardware design: Monolithic 
Mi@jeegrated Circuitry, and Hybrid Integrated Gireuitry.°*> 
Peer nic Litegqrated circuitry meant placing all the esser- 
Perec tcments Of a given circuit into one chip at the same 
jmeme \transistors, resistors, connectors ae diodes). The 
Meeermate technology, dubbed “solid logic technology" by Wn 
fecal Lime, meant soldering the circuit element? Zito a 
Bac . 

ie ole elwOceciCced to avoid the uncertainties. 
ana developmental risks of the monolithic circuits being ready 
Mmeime £Oor the planned 1964 introduction of the System 360 
memerveers, The decision to pursue the Ivo rere 1 Eo bh board 
PeemiorOoy was apparently not popular in all technical circles 
Mmeetae Or Outside IBM, because there waS a question as to 
whether the “state of the art" would thereby be advanced. 
fieere was also the criticism that development of the hybrid 
mmeegraLea Circuits would eventually leave IBM frozen into a 
mechinology that would be more costly in obsolescence before 
mem ecoot Could be recovered. Nonetheless, Watson referred to 


ons 222 
the choice as “the most fortunate decision we ever made." 


Sei Se, Be amateg. a, 39: 


fe tbid,, p. 139-142. 
222 


Ibid., p. 142. 
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Mees prospect of developing an advanced scientific design con- 
Meee at that time, which if successful, the monolithic chip 
memo also contain some of the innermost secrets of IBM's 
Mme rery AGCSign, did not provide appropriate protection for 
Mmfeemnealle achievements. IBM had not been making Significant 
Seer cics: OF the basic components. and would thus continue to 
SeeeeeuDoln Such Leading component suppliers as Texas Instruments 
Memmecovice the advanced monolithic chips; such suppliers would 
moms also have access to the monolithic production trade secrets 
Mee tee tii Clrcuilt design characteristics. The System 360 
mee y Of Computers would eventually feature the monolithic 
circuitry in such advanced designs as the 360/85, however the 
Mieetal Geccision concerning technologies favored the one which 
Serereda the better probability of completion on time, with 
mewer patent obstacles in product design as well aS process 
Memevations. it is Still a subject of debate as to whether 
IBM continued active development of the monolithic technology, 
however no external announcements of the monolithic design for 
fhe later System 360 models is observed until after the family 
was first introduced in April 1964. Later in 1964, RCA announced 
the intended use of the pure monolithic integrated circuitry in 
Some of the models of its Spectra 70 line. By that time, IBM 
was an experienced component manufacturer, with the capability 
to shift technologies if an operational advantage Gould be 
demonstrated, with attendent competitive impetus. 

Nonetheless, IBM developed the solid logic circuitry 


for the System 360 hardware design, and at the time of the 1964 


SZ 





emmouncemcnts, Tom Watson, Jr. remarked: 

Pleemmucwproprictary information was involved 
memerrcuictry production ... Unless we did it ourselves, 
mescould be turning over some of the cssentials of our 
business to another group."423 

(ieee einelogy as a proprietary factor of pro- 
duction required more protection than could be assured by the 
Parenting process, and IBM found it necessary to scriously 
omeer the inanufacture of itS own ccmponents uscd in the making 
Memeompucess. Actually, former IBM president, Al Williams, 
had urged such a move in 1960, and in 1962 IBM authorized the 
Memecruction of a new plant to make components. The general 
manager of the component manufacturing division was John 
Memecon, a doctoral graduate of Johrs Hopkins in electrical 
enginecring. The new division was to have the authority to 
G@ecide what components to make, and it was outfitted with the 
Maeest automatic equipment valued at $100 million collars: == 
ime Cxpense of installing automatic equipment would be 
Mmeeovered in labor cost Savings. 

U_ Sedemoreseht aeven. Of the fourth generation 
Mmmecomoucers, and another generation of.technology this time 
Bm—PMmeectiatoarctrcuitry referred to as "large scale", the same 
Proprietary intercst in the preservation of circuit infor- 
Beeereneiias Nad a Continuing effect on computer manufacturers 
Eemproauce their own Semiconductors and integrated circuits. 


By way of progress report on third generation accomplishments, 


Mm@eeas ar indicator of fourth gencration plans, BuSiness Week 


eo ibid., p. 166. 


aia, p. 166, 192. 
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/meeortea that IBM has become the second or third largest 
Meidrecturer Of Semiconductors; and the trend of computer 
Mee eclLurers Making their own integrated circuits is 
expected to mteneify.°-> Business Week continued: 

Mitt wes fOme@uricecaratcc Circuits is forcing 
Pemeicer Makers into Semiconductor design--perhaps irrever- 
Seey. They couid wire the simpicr transistor into any kind 
Mememecuit design. But integrated circuits are completely 
meetup Circuit functions, so new computer design depends 
Meee On Seniiconductor manufacturine than on assembly-type 
M@@etations. Semiconductors now account for up to 50% of a 
@emoucer'’S cost, and their share is; growing." 

Wem pereentage may be high anasmuch as tne 
Seneus Of Manufactures listed the 1963 solid state semicon- 
Sietor input (SIC 367408) as 101 million dollars as compared 
[meme total delivered cost under the old SIC 3571 of 847 million 
@ollars. The 847 million dollar f:.gure was published in the 
Department of Commerce's 1963 Census of Manufactures, but when 
the same data was recently republished with the 1967 Census of 
Memaractures it was increased to 1,388.7 million dollars fcr 
1963. That unexplained difference does nothing to help explain 
a fifty per cent figure found by Business Week, even though 
some part could be explained by an "all. other" category (Sic 
970099), or by a category for parts and attachments made 
especially for computers. This category is listed in Arsh owe: 
VI for 1967 as SIC 357330, and for 1963 data as SIC 35710. 
As previously noted, these categories are made Wit aliio tie Come 
pmter industry. A summary of the semiconductor costs in 
relation to the “materials consumed by kind" total input costs 


Sooty Tilts at IBM's Market," Business Week, 27 June ino waer 


peo. 
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memecDOrted in the Department of Commerce reports for the 
memos OF manufactures census, 1958, 1963, and 1967 is 
appropriate. 7° 

tema rerical Contained in Table VIII is necessarily 
Meierai, however it indicated that the trend is that lesser 
emouncts of semiconductors have been received by computer manu- 
Meee orers £rom Outside the industry; although it did not re- 
Meece an increasing trend within a newly numbered "special 
Sets Category aS might be expected since that Cavegorey OL 
Parts and attachments is produced within the computer indus- 
meee oS MOSt recent reports from which the information in 
Meroe VitTl was obtained document the fact that some information 
Meee be retained in a collective "all other" category to 
M@eevont the disclosure of individual companies. 

iiemedera2dvance Of technology in computer manu- 
facturing throughout the 1960's witnessed the main frame central 
processing units (CPU) far exceeding.the capability of processing 
Speeds in the input/output equipment and secondary memory. This 
ween technology has continued to plague and delay effective 
Mmiife=rsiaring, even though major advances in input/output chan- 
Pemmorcocenizali1on have enabled continued market development, 
Wiich, in 1967 was being served by about 80% by General 

227 


Perectcric. In a like manner, peripheral equipment develop- 


ment required heavy Research and Development expenditures in 


pn Gensus, Poev we iwatetry ceries’, p. 2l=-22; and U. S. Bureau 
Pepeecieme ss N0G6s Census of Manufacturers, Industry Series”, 
Me Peover nment Printing Office, 1966, p. 31-32. Hereafter 
cited as "Census, 1963: Industry Series". 

Z27 


Pem@reewenimalysis', Section 3, p. O1>. 
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meee 2700'S to meet the demand which resulted from an imbalance 
of CPU and peripheral equipment growth; many of the indepen-- 
eae peripheral firms found it necessary to spend ten per cent 
Seeeeres Ol} Tesearcn and development during this period in 

Order to compete with the well-financed main-frame manufacturers, 
and allegedly leading to technical advances and lower prices, 778 
Meeording =O the U. &. Industrial Cutlook 1970 of the Depart- 


ment of Commerce, 


wiiemres COmpriase the JTargest share of the total 
Peripheral market with estimated shipments of over $1 billion 


Memeo. Other large segments include input devices, output 
Meeeeces, Magnetic tape transports, terminals, and data trans- 
Mission eqiiipment. Rapid growth in the latter two areas re- 


Z_=er>s tie burgeoning expansion of the data communications 
industry , 1a eos ely Sele Lo the computer and periph- 
eek CQuipinent industry. 

ie timer cance Of technological Geveleoomene OF 
MmemerLes With the resulting gains in speeds and relative 
fmeeeet Ons in Cost was recently Summarized in a technical 
Meee le presentation by Dr. C. J. Walter and A. B. Walter 
betore the proceedings sponsored by Informatics Inc. Their 
Mmmirngs are presentcd in Table IX, and are considered to be 
state-of-the-art, 1968. Some of the 1970 fourth generation 
mmgeunecemences are beginning to provide additional infor- 
Meelon tO Table IX technology data. Articles in the October 


e228 cLaughlin, fee eee tb Ss 270/145. Uncevercd’, Datamation, 


Sees emel lI 70, po. S0-31; and “Antitrust: U. S. vs. IBM", 
Reve ve em moatuary 2/, 1969, ©. 79; and “The IBM Program 
for Shaking Off Suits", BuSiness Weck, June 14, 1969, p. 49. 
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meemmovemoer, 1970 Datamation indicate that memory technology 
Memstill in the forefront of hardware development, and cache 
memory concepts of the System 360/85 and 360/195 and indecd 
mew Darrel and slot" technigues of Control Data Corporaticn's 
Macest th:-rd generation hardware, have not simply been refined 
and renamed. The IBM System 370/145 contains the first fully 
Semiconductor main memory, and a disk file subsystem that 
Peat es WLCHhOUtT a Separate controiler. It is said to have 
Macernal Operating speeds that are five to eleven times 

Mterer than the 360/40 and 360/30; and a data transfer rate 

of up to five megabytes, which makes the 370/145 about six 
fmemes Laster than the popular 360/40 on input/output transfer. 
Tt must therefore be about twice as fast as the 360/50 by 
TBM*S prior announcements. Datamaction's comparisons are pre- 


i me ee eee 


famed in Lalbie x for these technological and price announce- 
ments. “° fe is emphasized that these data are from the 
Sey Stages of new hardware announcements, and later the 
feeeoOrOuUs adavertising and marketing tactics will present 
ifiecner cautions. 
Gee accents 
ParcotemiiirIingemencs are relatively infrequent 


Sieene Computer industry, however the expensive task in 


Pelicing a very large number of patents together with the 


230 RCA' s Neweiane: wWust Enough to Check Migration to 370?" 
Weaenaevom, "october 1, 1970, pp. 47-48; hereafter cited as 
"RCA'S New Line"; see also “Perspective: Leasing Firms”, 
Pare orem OCcLODeCr 15, 1970, p. 31. 
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merece Specialized Staff necessary to determine the infringe- 
Meee Of and prosecution of violations -of patents contributes 
Mmemthe apparent absence of activity. Some of the leading 
Mees Will be discussed ina later section, however patent 
Merigetion has not been significan=. Numerous journalists 
Imeve alluced to the wholesale copying of ideas from time to 
meme among the leading manuflacturescs. 

Tete ject Of patents in Software has become an 
mm@ecresting Challenge over the last two years for the U. &. 
Pacent Office, which has refused to grant patents for soft- 
Meee pLOgrams. The U. S. Court of Customs and Patent Appeals 
Mmemieversed two rejections to date, and the Patent Office 
fees CO continue the legal battle.*7* Mie w@OU Tem 1.0 St 
feersion, on November 20, 1968, found in favor of Prater ard 
Wei; and the most recent decision, on October 8, 1970 founc 
MiecavOr Of A. W. Musgrave. In response to the U. S. Patert 
Seeerce S Contention that the program.for seismic data cor- 
feetioOn method waS unpatentable because it involved mental 
fee ecces, tic Court said: 

fare eater te Necessary, in our view, to make 
Pee wsenwornOpueratiOnal Steps a Single ‘statutory process = 
Peete oles thal 1c be in the technological arts so 


Pomoc min consonance with the Constitutional purpose to 
maeniete stine progress of ‘useful arts. ' 


ie rirsch, Phil, “Washington Review and Forecast", Datamation, 


January 1970, p. 99; and "Look Ahead”, Datamation, November 
Pwo 7CmmOD. t/-1o; and numerous reports over the period 
Such as: “Rehearing Set in Computer Case", The Wall Street 
(omen elerdenuary 16, 1969, page 40, col. 3. 





432 ut ook ieee, Dotanaulon, November 15, 1970, p. 1/. 


ea 





(ewer eVeOneroce ls justifiably concerned with 
mime OOcChitial flood of patents, and an almost insurmountable 
Cask of unscrambling possible infringements. An equally 
serious threat to the hardware manufacturers exists should 
mee avOvVe decision remain firm, because software firms are 
eager to compete with the systems software of the main-frame 
Memmeracturers. The 1969 suit of ITEM by Applied Data Research, 
a leading software firm, has recently been settled privately, 
Meeween thc two contenders. In the original suit, however, 
Applied Data Research (ADR) claimec! damages in the amount of 
297.9 million in the IBM software package market, $10 million 
MieeusctOom SCrvices and software market, $10 million in the data 
PeOceCssing Serviccs market, and 68% thousand dollars it had 
me pay IGM for software and services which it could have per- 
mermea 1tSelrf except for the nonexistence of separate priciag 
of hardware and software at that time. The out-of-court 
SPetctlement with IBM was reported to involve about $].4 million 
gm Cash to ADR and about $600 thousand in future revenue for 
Services on ADR's Autoflow program. *>> 

fie mnoeepeGoodele to document the full signifi- 
Pee ceOr ene Granting of patents for software. The hardware 
manufacturers will be able to move more of the systems eons 
trol technigucs within the hardware, and the converse of 


that possibility was alleged in two of the now-scttled suits 


ee oe 


o Pantages, Pe temeeliM Savigorous Defense Speaks Thin, 


oe ia teo et, SOS ealation, June 1969, p. 121-123. See 
See VetOrerUit discussion of public policy issues; 
eto teeersecites ao Thin Defense. " 
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against IBM, namely that manipulative techniques were being 
Beeroecd by patents when in fact the technique was accomplished 
memeoOetware. The movement of other control techniques within 
the hardware has appeared in the IBM 370/145, such as the 
mncegratec file adaptor (IFA) built within the CPU and sub- 
Pmeeeuces fOr a controller for the new 2319 disk memory 
Beotem.-~” 

Pee OOP iace 1 eae consideration of tech- 
Meogy ang patents and the effect upon Supply ana Gemana Lor 
meeeeoauce, to acknowledge the Lively discussion among scholars 
Mme cie fast Several years. Considerable insight into prcec- 
Meeeive patents and the impetus to innovation has been pro- 
vided by Professor Harold Demsetz, Dr. Kenneth J. Arrow, 
Mmeeeon Director of the University of Chicago Law School, John 
peeeicGee Of Duke University and B. S. Yamey of the London 
Beaool of Economics. 

Professor Arrow's Simple, anelytical model led him 
memeoncludce that Che “inventors’ incentive under competition... 


235 


eee hways Cxceeq the monopolist's incentive. An 


Opposite conclusion was reached by Professor DemSetzZ ina 


modified model that in the "linear model of two industries of 


ee aMctauch iin, p. 47-48. 


Arrow, Kenneth J., "Economic Welfare and the Allocation of 


Resources for Invention, in the Rate and Direction of In- 
ventive Activity," National Bureau of Economic Research, 
1962, p. 609, 621; and review and comment by Yamey, B. S., 
"Monopoly, Competition, and the Incentive to Invent: A 
Comment", The Journal of Law and Economics, October 1969, 
ce 296 


oe. 





Scual output size, the more monopolistic will give the 
Meee ChCOUragement to invention... the development of a 
monopoly invention... will receive greater rewards from a 


1220 
DemsetzZ allows for 


Pmying industry that iS a monopoly. 
MmeemOoucpuL reStricting effect of monopoly and demonstrates 
feeeeeie 2nCCHntive to invent is greater in a monopoly. To 
Meeomottsi this result, the monopolist's cost for the inven- 
mom 15 v.ewed as a fixed, lump-Suin payment regardless of 
Mmeeput, SO that the monopolist's marginal cost curve is not 
Mm@eecteo. Thus his analysis described a bilateral monopoly 
eo a lump-Sum payment. Member firms of the computer in- 
dustry would seem to regard within that lump-sum payment, an 
@eeectunicy-CcCost fForegone to prosecute or otherwise police 
meemepactent rights, and instead, apply additional funds toward 
Merearci and development to reap new rewards from continuec 
mamovatlions. This seems particularly feasible in view of the 
meeeeoPam Of a patent, seventeen years, against the average 
Memieicer Generation of five years. Further, the time required 
memOlOtain a patent from application to issue approaches the 
meee YCar life cycle of computer generations. Although 
Peisetz model allows for monopsony, and therefore does not 


exactly describe the computer industry's customers (although 


23Cnomsetz, rele, litOrmtacion and Eificiency: Another 


Trewoetme, 8 WOutnal of Law and Economics, October 19609, 
emer ancy, BB. S., Op cit; see also Kamien, Morton 
Mec cemvartz, Nancy L., "Market Structure, Elasticity 
of Demand, and Incentive to Invent," The Journal of Law 
Biome eonomacs, October 1969. 
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meey are relatively few and have a commonality of capital 
Capacity), the computer industry hes been described as near 
monopoly by Professor Sal ne cgeran ae 
Wiew wba eoea mMOnNOpOly GCntails uncertainty and — 
megotiation in the pricing process which further affects the 
feemeee OL risk to the inventor. Professor Yamey finds that 
MoelnvenlLor S risk may be greater than in the competitive 
M@emet lon when the negotiating or bargaining takes place 
eee Enc inventor has committed resources to an invention! 
such a situation opens the inventor to erp LOolLia LON, which | 
Seed DC minimized only by the impractical method of negoti- 
fmmevomioricr LO Making any Substentzial resource commitment 
Meee tne anvention. In the computer industry, this would 
meeere large Copitalization in order to Support the exten- 
Sive research effort to develop (in advance) and test com- 
Miers anc Components. Texas Instxuments provides an 
aanole Of a firm Which has placed heavy amounts of research 
and development funds toward component development for its 
computer manufacturing clients, and as previously noted has 
meund itself in competition with its ine In che conpcr= 
Paeiiakimg Dusiness. Its reaction is the opposite of what 
Professor Yamey would expect (lessening of competition due 
to an increase in risk), since it is reported that Texas 
Instruments, which already makes some small computers, plans 


, , , 230 
Morseriously enter the computer manufacturing industry. 


Becoecer. i GO, 
eke 


Toeeteeeeeau IBM's Market," p. 80; also see Yamey, p. 254. 





Peereeeer .amey = O2iScussion of Arrow's analysis 
is none the less enlightening in respect to the computer in- 
Oustry, seecifically the assumption in Arrow's model that 
"Only the monopoly (manufacturer) itself can oe alts 
mewildely viewed in the business and economic literature that 
in the computer industry, the dominant firm (IBM) has pro- 
YVided leacership in the marketing of computers and related 
Peetees TOre SO than in technology. This contention will be 
Pmeeened SCCparately in sections on non-price rivalry and per- 
Mmemeance, but it can be noted that competition for innovation 
Se@emeaopaitecncly been sufricient for the industry to accomodate 
as many as 134 firms according to the Department of Commerce's 
mov Censts of Manuractures, in SIC ood Pipe larce number 
mOoPcaouldt includes many small component and peripheral manu- 
meee rsS, end the more £requentliy olbsserved number is eight 
Peeener tino wWilch normally engage in the production of a full 
mete wor tamily Of Computers. Or, as Professor Hamid has yoted 
mee ome er tation O11 The Computer industry, the largest eight 
Piems accOoult for 98% of the computer industry's apc oneea 
feole wit listed ten firms and an eleventh peerea fe Onge s.0 te 


Peeeeeminately One per Cent measure of remaining output or 


installed equipment values. 


S Arrow, Kk. J., p. 619. 

290 Census, 1967: iaemetezsoertes , p. 2zi-22, and “Special 
Report Series: Concentration Ratios in Manufacturing 
eee) eoemet 1970, p. LI1-19, hereafter cited as 
cies weeGneecnt ration Ratios". 


Pe fami, Mohammed K., "Price and Output Decisions in the 


Gemeucer inoustry,"” Ph.D. Dissertation, University of 
ieee oo, Dp. 32-35, 192. 
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Please serene sco ben LirmS in the computer 
mamstry have been found to actively compete to supply virtu- 
my ail cf the industry's output; the marketing of which has 
Mecome the hallmark of IBM's success, “*? Peea cic COMmpeLlition 
Mmmeeechnology to present the latest, fastest equipment has not 
Been absert, and it can be méintained that the protection 
serorded by the patent has contribited to open entry above 
eetairly high Capital requirement. Further, it would appear 
Siee tic incentive to invent is quite active among differen- 
feetred proeducts. However, it will be eee oe Ce waces 
Semaine the role of hyperactive promotion and market strategy 
MaeOligopolistic industries. 

Space and time prevent an analysis of the very 
Prego number of patents which have been issued to the computer 
ieamuracturers in relation to their market share. Such analyses 
have occasionally been the modulus of congruence between re:s- 
prective market shares and market power hypotheses resulting 
from industry studies. Professor Scherer studied the concen- 
moacilon of saies, patents, and reSearch and development usage 


ee Numerous Sue mcsemana MALKeting articles have acknowledged 


IBM's dominance, many of which listed the marketing genius 
Pome dwommenam tie CoChnological, until the evolution and 
Pertec tion ©f the System 360 series in the 1960's. [In 
addition to the historical development presented herein, 
Petemolcmerocterences include: 


eee ee COMPDCCTS=—Past and Future: The Costs of 
Se eee eeoereriure 1n Computer Programs", Computers and 
Peaiethenm, wanvuary 1969, p. 14-16. 


schwartz, Lawrence E. and Heilborn, George H., "Marketing 
BieweOtputeL,  Dabamation, October 1967, p. 22; and 


Trizari, John C. “High Time for Used Computer Bargain 


Miteeme Comeau ter Decisions, July 1970, p. 10-13. 
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in a sample of 352 large corporations from among the Fortune 
meen oO00 100 1955 data. He found it essential to distingu:.sh 
Prong Girtterent types of research activity and the degree oz 
Pacteicipation by private industry. He found that twenty per 
@emeot all basic rescarch in the United States in conducted 
by private industry; 65 per cent of all applied research, and 
Pempee Cente of all development are likewise conducted by 
MervecC avoustry. The first four firms in his sample accounted 
mu. 7, OF Sales, 9.7% of R & D employment, and 10.4% of all 
Seeeettes 1S5ucd in a time adjusted period. The first eight 
Meee LOllowca a Similar pattern: 27.5%, 16.4%, and 16.8%. 
memeber concluded: 

Peete raegCeat £irms account for a considerably 
smaller skare of both R & D employnent (reflecting inventivea 
and innovetive inputs) and patents (reflecting technical out- 
put) than their sbare of sales. 

Sie-mieto Wes OneaVaiable quantitative evidence 
favors a conclusion that among the largest 500 or so VU. S. 
industrial corporations, increases in size do not as a rule 
Meet ouUce positively to the intensification of R & D inputs 
Pemriivencive Outputs, and in more cases than not, giant scale 
Mesa Slight to moderate Sstultifying effect. The most tech- 
hically progressive American firms appear, with the possible 


Pe Je eronnor —colcmiCals and petroleum producers, to be thosecy, 3 
Mmeetecales Of Jess than S200 million at 1955 price levels." 


Geemeecoduct Durability 
Until recently, there has been little evidence of 
Meme emeamieal Cura itlity Of Computers, and the five year com- 


meer Generation cycle does Jittle to unveil the true longevity. 


ee ecnarox, Pacer Mes 'Ficm Size and Patented Innovations," 


American Economic Review, December, 1965, p. 1104; and 
industrial Markct Structure and Economic Performance, p. 
360-361; sec also "Tiny Computers Lead a Price Declinc," 
Business Week, May 11; 1968, p. 108. Scherer's article 
Wee eter cited as "Firm Size," while his book will con- 
tinue to be cited by author's name only. 





o8 





mie Very recent growth of the used computer market may be the 
Peele mee er GCnCracred cvidence of product durability. It is 
@eoerved tiat the literature alludes that computer obsoles- 
menee 15 Systematically programmed for a period of time suf. 
Prcient to enable the leading firm to recover development 
costs.°*4 Memerare Police ad New deneralion or family of hard- 
Meee will Have been readied for intense marketing. One resailt 
Mmoemmere ©Orced obsolescence of otherwise durable equipment iarto 
Zee eletirement, Or more recently into the quietly expanding 
ZS - | | | 
meecd Computer market. Ute metic cralenand Cconomic Cconsid- 
PeeelOls Surrounding the individual firm's decision to procure 
Meeemiaraware 1S no less complicetcd than the original decision 
Mepleaec, Lent Or buy new or current generation equipment. 
Meaecd, the decision has become somewhat more complicated 
@eeause Of unbundling of StenaimewoeryLCes, and considerations 
Peeivaintenance, investment tax credit, and compatibility with 
pet oemenictalled hardwarc. Meilborn reported that as the Life 
Byvele Of a Given System progresses, CPU's decrease in value 
eee rapidly, with complctc systems next, and peripheral 
equipment holds Breosest (LOlLrs original value Over Pine eee 
fiijere 1S a Strong element of overall demand for peripheral 
Pemromienes tn tiecse ObServations, even though durability is 


Pidicated by information in these early reports of a growing 


Seecment Of the computer industry. 


ee eit born, George Hy, “Used Computers," Datamation, October l, 
Ore RCA ss New bine," p. 477 and Trifari, J. C., 
(Om age C cal Ee 


fom see also “Under [BM's Umbrella," Forbes, July 15, 
Pe20G, Pp. L6G. 


PeteMeorneareG, H., p. 23. 
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Serewor, elic Ctlnecr tactors which have engendered 
Mmemiocec COMOULer market also indicated that durability is 
Mme ccoocati ly a Continuation of the original design, but 
meem a COSC point Of view, some older equipment can be 
Meestbly deaicated to specific tasks. The used market is 
Peeee Encouraged by: 

1. The expansion of some firms to larger systens 
fee tiesome remaining tasks within the capability of equipment 
meeriaole on the used market. 

wae eee oOner Litns, previously beyond the 
femerole cost-fringe of mechanization. This is also the 
Meee xanple Or Off-the-shelft supply capability, as opposed 
meme traditional made to order structure. 

Cee veoeliem: Creait considqecrations has altered 
Piewaata processing manager's tax and cost alternatives, 
Meeevor it 1S expected to eventually stabilize the used 
eaulpment eee 

eeettee rec toual yalue Of prior gencration eEquip- 
ment has maintained a higher level than previously anticipated. 
An Cxample discussed by George Heilborn was a three-year old 
IBM 360/40 which had sold recently (October 1970) for a range 
Pieyo7 Of the original IBM price. 

5. Hardware costs and, hence, investment commit- 
ments, can be reduced by the purchase of used equipment, 
Peete yel tus, in the replacement of similar rented or 
leased equipment, if the uSing firm has determined that a 


ee eo 22. 


nels. 


Peet reUtat application has a long cerm life with little or no 
SPension. Static payroll applications might be such an 
epplication, which could release oczher newer equipment for 
production expansion without more expensive upgrading. 
Peeencgs 2) Che annual cost of depreciation mitigate in faver 
Meeoucl a combination. 

See Ce oenbel training Costs may be significantly 
reduced when the decision to employ used equipment involves 
Paiititar eaquipment to that already installea. 778 

eer eo nareacea yy product durability ‘in the 
Meeo Computer must, of course, be evaluated in terms of 
evatlable maintenance support, sofiware services, and perscnnel 
and cquipment compatibility. Recent tight money markets of 
1969 and 3.970 have caused many businessmen to review the used 
Bemeucer Market prior to making the final choice in hardware 
@myenges or megmeaing.-* 

Caw Preauel. Valuc 

in the examination of the constraints and detcr- 
ManantsS bearing on the Supply of computers, the value of the 
agelivered product was found to have repercussions throughout 
Me MipencCurmonbie ULe., ) PrKOGdUcCE Value affects barriers to 
Zit eecet oe rictures OL producing £f£lrms, pricing Senardoe: 
MICmeeecUeeroOreectticiency. A high value £for goods in process 


Peoundeiieche reports Of Some manufacturers, which in turn 


relfects the high component and labor costs. Finished goods 


Se od, oper aon 


oo Tsay, , p. 22; see also Nelson, F. Barry, "Used But Useful?", 


ae ieerom~ October 1, 1970, p. 26-28, 
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Meventortes are negligible, simply becuuse the high product 
meee and relatively long production period dictate a type 
Mem COCUCT Which is made to a customer's order rather than 
meockecd. The shortage of peripheral equipment and resultant 
faghn demand has not appreciably alt.ered the practice of mad=2 
© Siecle The planning and reSearch time has been found 
Memo a Significant part of the eventual product value, in 
Seeincustry wherein personnel salaries are predominately high, 
mremerocuction cycles extend from one to four years.°>? LOL 
Seomple, the IBM System 360 models were:announced Ole 2 ey 3 
ioe, and were delivered between May 1965 and February 1966. 
The largest member of that family, the 360/195, while not 


mae Of Che initial announcement, has nonetheless not yet 


Melew its Lirst delivery. Keydata Corporation reported that 
Wily 


Pas 
Mmeoeeradcliivyery is scheduled for February 1971. 


taewrong Celivery time from announcement to the 
fiiet ACTUAL inStallation has caused considerable contro- 
meeoey anong Competing firms, and is to be later examined in 
Mem-price rivalry and as part of some of the antitrust suits. 

Although the principal interest of this study is 
PeeOclo On the equipment manufacturers, a review of the nature 
Of the product requires acknowledgement that IBM contends that 
Me sPUrpoOse 1S mot to sell a product, but to provide a service 


D5 
Smee Aneroentally includes a product they manufacture. : 


ao em mM. K., p. 103. 


> bid. 
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Seemevrer sinaustry to Hit $27 Billion in 1957," Computer 
Pee wenewedanuary 1970, p. 38, hereafter cited as "Computer 
95 3incustry co Hit. © 

Seer te and Heilborn, p. 22. 


OZ 


This becomes Significantly clear when a firm (customer) con- 
Peders the total cost of hardware und related services. 
BeeewatC SCrvyices, maintenance, supplies, and a host of pre- 
Meena y Services and studies to pian and implement data 
Me@eeesoiiG activities are just some of the surrounding services 
me-wdenctiy needed to enable the hardward. 

Pee ee meee ample Or the extensive value direction 
Whach computer equipment can achieve in avery large system, 
Zmemecme VetTense Department's World Wide Military Command and 
Control System (WIMMIX) which has also encountered a delay 
Mmetne Lirst increment for Fiscal Year 1971, of about $64 - 
weer. Datdmation reported that this massive system will 
meencually include more than 35 large computer systems, and 
Mier ene Investment in equipment over the next two years will 
fee eo) »260 million. EDP Weekly reports similar cost esti- 
Weees, With a total foreseeable cost of $500 eee 

AM interesting requirement contained within the 
Request for Proposal (RFP) of the Defense Department for the 
Pot eee toate tac Specification tended to coincide with the 
fBM service over product contention. Each bidder was required 
to demonstrate a data management system (DMS) capability at 


benchmark time, which could be demonstrated to be operational 


. 

at a later cine 

254, ae | fe: 
Hit@ececiype omit, “Perspective: DOD Releases WIMMIX RFP as 
HoOwmeoem erro runas tor First Two Computers,” Datamation, 


NMemembeceioelu7O,)p. 77- hereafter cited as "Perspective: 
Pope eee fatso "“REP'S Go Out for WWMCCS", EDP Weekly, Vol. 
Mm@mpommrz=m Oetooer 5, 1970, p. 3-4. 


ech. ime Perspective: DOD", p. 7/8. 
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Ee, Business Attitudes 

PO WemomauCttuCCS ao a factor of supply will not 
be laboriously examined. Much conjecture iS possible in 
Seeerving that aS a young, progressive industry most of the 
bechhniques and skills in production were developed in the 
post-World War II era. The young and aggressive leaders and 
innovators who have been responsibie for itS rapid develop- 
Meee, Nave been seen in the history of the industry to have 
developed a high degree of professionalism and entrepreneur- 
feep, and perhaps more individualism than cooperation. : IBM 
Meewcharacterized a great amount of the current intra-industry 
eteitudes. A business environment seems to include the very 
Seretul development of a master plan, and then the skillful 
and deliberate execution of that plan. Two articles in 
Meee Payee oeCen Previously referred to aS indicating some 
Mee Cr -Oickerings at IBM during the development of the 
360 family and the termination of some sizeable peenecrc 
Perm asc tie SOOO series. The rivalry in personalities is 
Mereravca as long aS production has been demonstrated. 

eee UN LOMrZzatlion 

Perhaps no input Subject of the computer industry 
Meemrecetvyeo aS tittle attention in the literature as Ree 
Seche labor unions. Nor iS it particularly Surprising, 
when the high degree of engineering skills required is con- 
Sidered, most of which are not ay represented by unions. 
Tt was previously noted that, when IBM elected to le) Walle ers" 
plant for the making of components, it designed as much 


automatic equipment as possible to reduce the labor density 
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fore Ene pliant cver got Started. When set into production, 
memcien Guickiy became one of the two or three leaders in the 
world production of semiconductors. 

As recently as October 1970 the first union was 
reported to have organized about 1250 programmers in New 
Meike, Which could have eventual effects throughout the in- 
Gustry. Under the presidency of Péul Notari, this new 
organization, the Association of Computer Programmers and 
Pealysts, will expand toward an estimated programmers' nation- 
wide group of 400,000. The experience with labor unions in 
the computer industry, to date, has not heen one of work 
Seeepege. The unigue labor factor in computer manufacturing 
appears to be the smail number of highly skilled designers 
and engineers, who have been in such limited numbers relative 
memene labor demand, nee manufacturers are willing to pay 
above-average wages. In addition, these manufacturers have 
eMPrloyea Expensive automatic technigues to maintain as low 
a labor density as possible. Another factor from the unions' 
Mermme Of View, might Simply be that with such a relatively 
small number of employees in the eyeiee industry, Organizer loenr 
Pmeiatwetloso OL WOrkKer 1S not attractive. 

Pee heweOn EaeeQeneral Statistics of the Déepart- 
mene or Commerce in the Annual Survey of Manufactures, General 
Sepetceiec indicated that the computer industry, based upon 
ail 178 establishments so categorized in the 1967 statistics, 
paid the above average payroll per employee of $8,124; and 
that the production worker was cepresented among total 


employees as 51 per cent. A cursory review of other industries 
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Meeearea cvatproduction workers are usually 75% to 84% of the 
metal work Lorce. 

f€ 1S alSo noted from the 1967 Census of Manufactures 
Bees Only thirteen manufacturers in the computer industry 
Beeeroy more than 2,500; and of the 50,700 production workers 
Memerc 1nCusStry, the top thirteen Firms employ 23,200. The 
total number of employees of these thirteen firms was 53,5009 
of the total 98,800.*°° ‘The 1967 statistics are the most 
recent available which indicate a spread among the members 
Seeene inoustry; however, the 1968 Annual Survey of Manufactures 
Meera DeCDartment Of Commerce indicates surprising growth . 
mean 256,700 to 106,800 total employees. One surprising factor 
meets GCLrOwith 1S that over the Same period, comparably sized 
Mmmemeset ries, such aS radio and television, and electrical test 
Peeoment ManuLec turers were actually experiencing a decrease 
mumcOotca: Cmployment. Some perspective will be obtained ina 
Meee roecCteiOn On performance efficiency, however the relative 
aor ty OCLPeMmoLOyment has contributed Lo security market 
Bpaiyee = tendency to consider the computer industry rela- 
Ze vyeinmune tO business £Lluctuations. meee Gerconall 
interviews with one brokerage firm indicates that this 
meneency 1S being retarded. 

The above figures from the Department of Commerce's 


1967 census reports, could cause confusion without the reali- 


zation that the numbers in no way reflect the total employment 


22©u census, 1967: industry Series" p. 11, see aiso Chandler, 
Pugeecam eas Tne Structure of American Industry in the 
Twentieth Century: A Historical Overview", Business Histo 


Review, Autumn 1969; p. C7 5—2934 and) £Oor information concern- 
ing the unions, see “Computers: Out of the Slump", Newsweek, 
Mogemimer 9, 1970; p. 79. 
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Sree ie ValttoOus Computer manufacturers. The Fortune annual 
ee vetore! 7/0 reported that the fifth largest corporation 
meng Clie COP five hundred in Seales, IBM, was also fifth in 
total number of employees: 258,662 at the end of 1969. While 
mempbecise explanation could be found, it is suggested that 
Meee atter number includes a number of persons engaged in 
Mmemror tic five other industries of IBM, as reported by 
Mgemoler vSing 2Z-digit classifications, or Simply a variance 
between the international and domestic employees' census of 
Momeni oe totter Seems likely, Since IBM’s membership in the 
Mm Pewriter industry could account for a maximum of only 
Peo O0 employees, according to the same Department of Commerce 
@ensus. 
2. Demand for Computers and Computation 

G2 reatnly tre Cemand £or computers is derived from 
eaeedemand for Computetion, just as the demand for automobiles 
memcerived from the demand for revolutions per minute, or 
miles per hour, or miles per gallon. Reasonable men have not 
memeluged that the latter performance characteristics are 
interchangeable with the demand for (and sales of) automobiles. 
Omi one recorded effort could be found that attempted to 


4, 


Medsuxe and display the demand for computers, that of Gregory 


coed His analysis was the most complete available, and 


yet it too depends upon a selected representation of computer 


= Chow, Seger eny ©. ‘Technological Change and the Demand for 
@Computers,” The American Economics Review, Vol. LVII, NGE 


pembeaGemoe: 196/, p. I1ll7. 
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Meteeecteristics to derive a demand curve. Invariably, most 
Memon stUCIes to Gate haye retired to an analytical inodel, 
Pirehn purports to structure the demand for computation as a 
means of assessing the demand for computers. Yet many sScho.ars 
in Similar endeavors have noted that one musSt pursue a study 
along lines for which reliable data are available and for 

mime some Standard of accuracy can be maintained. ‘The 

Mi == neial sole source of informaticn on the number of com- 
puters of various configurations which have been shipped or 
Masealled, has been Soe we be acknowledged by its publisher, 
[Mieernotional Data Corporation, as based on estimates in many 
instances. Yet, as a measure of demand, it may be no more 
mmrecurate than some of the computational studies. Gregory 
Chow, for example, acknowledges thet his analysis is subject 

to unknown errors resulting from the variations of programming 
Sericiencies, which certainly can affect the speeds of instruct- 
ion execution cycles or memory timing. 

VtiioMmiatomis nec insurmountable confusion, it 1s 
les trat the computer industry is not represented in the 
literature and texts with respect to analyses of demand. 
Indeed, Chow's work is the only one avoilaole an tie eCcononie 
literature. Perhaps the data now available from the Depart- 
ment of Commerce will encourage such studies. 

In the interim, if the performance approach can be 
used, and Chow's is more recent and complete than MOS» set 


| Zoo 
though he ascribes to only three characteristics, then it 
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ae p. 1120. 
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Beeet also be feasible to interpret the results to specific 
mete s Ot Computers. Perhaps then a discrete view of the 
@emand curves for various sizes of computers will emerge; 

meem this, the serious student would hope to be able to 
Construct empirical representations of demand in the com- 
Mecer industry. Grosch's law may be useful to assist in the 
M@eescrere Sssomenting of the existine power/cost studics of 
meeciric hardware, according EO Wheat has been actually pro- 
Meee at Various prices and performance levels in the indusz:ry. 
Meee taw Of Herbert R. Grosch is suggested wens it has )be2n 
menace Somewhat indicative that average cost of computer equip- 
feemcecreCascs Substantially as size increases, in studies oy 


Meeewon SOLOmMOn, and aS reviewed in Sharpe's, The Fconomics 


o£ Computers. Sharpe summarized Grosch's law sauce” 
C= KVE or = = (44) c? 
2 
K 
mere C ~ the cost of a computer system 


E ~ the effectiveness (performance, speed, throughput) 


+ 


Gu Ene esyStem, and 
ios Some Constant. 

In Sharpe's review of Chow's analysis, he concluded 
Pitino waMoOlulL OL Gemputer power installed can be expected 
Ee. triple, Sv tele wliy tee Ene price remains constant. How- 
Sa eee Neintaiis thaw prices will actually fall, not 
SS | negating the usefulness of Chow'sS approach. What each 
Si eeeenelean oy the word “price” may bring them into closer 


Senora , Pi eeiieetese, 1. 315. 
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Peeeement than Sharpe would imply, Since Sharpe prefers to 
Beietoer -iice as being relative to computational output. By 
Mmmenanalogy, One might find that the price of automobiles has 
been decreasing over time, in view of the increasing perfor-- 
Merace in miles per ors ee oa 
See evency in Comouter Manufacturing 

Demand and supply analyses along traditional paths 
of economic endeavor have been found to NG ee widely discussed 
in the professional literature. Miowianerous, Virtually un- 
Mmemeced, arrey of tasks and computations, and the combinations 
of the many possible performance capabilities which can be 
@esigned in a computer system have without doubt prevented 
Peeters = .uciecSs. The studies of Solomon, Knight, Chow, and 
Sharpe provide a starting point, even though at present they 
Zea ent the Output Of a “typical” computer, not the output 
Meine COMpULer andustry. Yet a count of cabinetry would add 
iMeeiete LO tine understanding of demand and output. The com- 
lexity grows when the peripheral combinations are considered 
and, as Chow has acknowledged, when software, and in particu- 
Pepeete Veriabilities in performance from systems software, 
Compiler and interpreter designs are added to the vast matrix 
Sire Vate cONLiguraltions. The temptation to consider any 
analysis complete upon solving that one million calculations 
now cost an average of twenty-five cents, is puzzling, since 
the customer or user cannot relate that DeELOrmlance BO an 


; 61 
Peep roprtace Configuration of eee one Over the past 


ee.) op, 257-262. 
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Bevera!t years, it has been frequently reported in the literéaé- 
mee Chiat Many firms upon initial entry into a computerized 
Meeratton have obtained the wrong computer capability, or that 
Meamy uUSers have considerable untapped capacity in their hard- 
meow rie large number of users with third generation harduvare, 
mao were yet emp]lcying second generation software programs 
meee citation, Some for years after obtaining the third 
Generation hardware, has likewise been reported in the litexa- 
eure frequently. The author has personally visited factories 
in New England where this result was witnessed. The billions 
MemeOnpuLAacions for twenty-five cents seems meaningless to 
Mmnager—-cmployed hardware at a fixed price. 

Teme airinin GxechLt POSSible, this section will 
Meanie Gevyoced to the derivation of a new approach for the 
feeeeenent Of the numoer of bits or executions per dollar. 
The studies of Knight, Chow, Solomon and Sharpe were among 
Mies best availabic for the purpose of evaluating one aspect 
OL perflormance; however, some use will be made of the techni- 
eues and results. “°* Tiat Grosch’S law is largely valid as 
Bmoiemetal Cxpression of cost to power ae OuEpUL Has consiaex= 
merev ita tiey. bt Will £irst be necessary to identify some 
of the basic elements of demand from Figure l. 

Peeolcdeswtcliy Of Demand 

Lewes relative responsiveness of the guantity of 

computers in any given category to changes in prices grovarenghehs 


been published, nor is it easily measured in view of the state 


chow, empe- e117 -1130; see also Knight, K. £., rast 
and "Performance", September 1966 and January 1968; and 
Selemon, MM. B., "IBM", p. 435-440. 
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Pee atolly Sstetistics. The following Basic conditions in 
PmienwcCOMPULCr industry reflect the possible responSiveness. 

(1) The rigidity of the price schedules of the 
G@Ominant firm, and its high degree of price leadership obvi- 
Mees any moLceworthy movement in the relationship of demand to 
prices. *°* Pemogea Oe follow, however, that the "set price" 
Pemartlon 1S Complete, for indgeed, the product aS conceptu- 
alized by that dominant firm includes a considerable packace 
Of Service, within which price movement can more subtly 
eirect. demand. 

(2) The complexities of the apparent price and 
Paener tect On demand from the Surrounding services, present. 
a dampening effect or Slow movement of services' pricing. 
The true effects of unbundling of hardware and software are 
Mow yet documented, seventeen months after the dominant fiim 
memouneed tie Separate pricing. Price leadership disinte- 
grated as the followers reacted Slowly, some (GE) even raised 
hardware prices; others (Burroughs) waited for a new genera- 
miei tone Customers Simply kept paying whatever was to be 
merced.-°" 

(feoeiiewlacwwor reliable information on the 


Sleneteies Of Computers shipped or installed, aS a measure 


Of response, complicate demand measurement. 


nS "“Piny Computer Lead," Business Week, op. cit., Pp. Oa? 


Snawcciwarte and Heilborn, p. 22; and Hamid, p. Wis 14c. 


aa "Computer Industry to Hit", p. 2; and “Computers: The 
Wide Open Market That IBM Unbundled", Business Week, May a3 
LOO FSS oa shalesto ms 
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(4) The customer of the computer industry is gen- 
Setly Octter informed, or thought to be, because that customer 
Hs normally a ouSiness organization with resources and talent 
Memmoperate the hardware, and executives to manage its operation. 
Sem commitment of scarce resources by an organization, flows 
Mmeouchi a CCCISiOn process, which as Professor Hamid has found 
Peete Cyert-Merch behavioral theory of the firm, results 
Semetieiice tically reactive customer to a full scale of qualitative 
Smee auantitaltive determinants. Fo: example, response to a 
Pe ep lL ete announced by a periphexal manufacturer may be 
G@elayed until technical compatibility can be determined or 
Peem@ioee oO. CONntLLactual commitments of oxisting hardware. 

(5) The present tools are insufficient to precisely 
me wieen chaste City, With output presently measured in bits or 
weer sopeed, the industry growth evaluated in total sales 
ZPconwOnr silepments values, only the most general conclusions 
© price response can be advanced. 

The present Gditficulty in the precise measurement 
Memeo lasticity May not be critical to the understanding of an 
Modetsy wiicn d6éals in a complex capital good, sold toa 
sufficiently small number of informed customers that demand 
can almost be evaluated by interview as opposed to reactive 
curve-price-quantity plotting. Professor Hamid reported that 
the manufacturers which he Surveyed, replied that they placed 
little reliance on demand forecasts, for example, and that 
price evaluation by customers placed more importance on pros- 


pective future prices than on past prices, -O1r 1LStOraica L 


eS 


me lcing pateerns.<°" Future studies, however will benefit 
Mao pr ice COmparisons with those on the used computer market, 
ee previously noted. 

The study of technical change and the demand for 
Mmemoucers ly Gregory Chow acknowledged the difficulty in 
Memeo tito OULput elasticity. He employed a univariate 
measurement of technological change, from the demand side, 
Meee asuriig price reduction effects in the computer indus- 
ey between 1955-1965. SemMotdetevas adjusted to 1960 dollars, 
weenie used three hardware Gharacteristics which he tested 
Me ot tvye reprecsentativeness: trultiplication time, memory 
Size, ang access time. He assumed a high representation fo: 
these characteristics, but acknowledged that the omission of 
software asa determinant Cm wevement Could icad to SCrious 
Brecor.*°° Such is of course true for any of the studies 
previously examined involving the measurement of hardware 
output based on a representative sample. Nonetheless, Chow's 
study was the only one found which attempted to present a 
Pema Cstimace of thc price elasticity of demand fur computers, 
which he found to be ee! (ie cies tom run. Tis Lresuic is 
presented as D* in Figure 2. 


Chow asserts that two elements account for the 


increase in the use of computers, and he confirmed that the 
S-yamid) p. 140-146. 


Soonowce c., p. 1117-1130. 
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Source: Chow, Gr echnolezical Change and the Dewand 
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fee c PCr Unit OL Output decreases over time. The first is 
Snel y thc time required for a new product to reach an 

eet sb level even without quality changes. The second 
Beers at Che same time, and is the increase in quality of 
ome procuct, and as the increase occurs, the equilibrium 
Zefeteio CONtCiInucuUSly raised. To quantify this from two 
Beepelar differential equations which express natural growth, 
Chow elected to use the Gompertz curve, of the form: 


CO = 5 
a. © (in Q* ~- In Q) 


Mere the value of Q* is the equilibrium value of Q, which 
actual value (Q) approaches asymptotically. Sharpe restates 
Poeoc in the discrete time eee as: 

ai Q. —- in O14 oon GeO Leen Ie | Q,_4) 
TO apply the adjustincnt process of the Gompertz curve, Chow 
mypernesized that the price, in predicted monthly rental (P*), 
increased with memory size and decreased as memory speed in- 


creased, as follows: 


*® My = —” 
ee P a by in t b. ln M b. In t. 


which is: 


- MP2 


|B alae A 


pPl 423 
m a 
milerc p* ~ predicted monthly rental 
ta = Multiplication time (in microseconds) 


M = memory size (in thousands of bits) 
MEaeoecoos time. (im microseconds), and 


es | 
A ~~ e 


Anite 


Meme soiming that price adequately predicted computing power, 
he appliec the quantity of computing power of each system and 
its rental measurement based on adjusted 1960 prices, of the 
ZOcm : 

memos e-),1045 —- 0.0654 in te Pee ooo ln M = 0.1406 In te 
mesthen calculated the price index based on actual IBM rental 
Maeormation, and adjusted these prices by deflating the 
BosOluce Values to reflect changes in the general price 
Meese) NC Price-quantity pairs could then be used to 
estimate a demand curve (D*) by regression, having the ‘con- 


Seam: Clasticity: 


Ing = a+b in P (Q = APY) 
where A = e* and b = Pie eetelroctiewey of cemeond, less than 


Zero, 

i lorem ine ciut | brim cemand curve, D*, ex= 
Meese 11 Figure 2, may not exactly represent the peel 
Mefeeegvaniltiy Paired curve becaus= the adjustment process 
represented by the Gompertz curve was relatively slow. The 
coefficient of the Gompertz equation was found to be 0.2526. 
When this aoaeich eure is near zero, it represents no adjust- 
Memes when it 1S closer to unity it represents full adjustment 
in a Single time period. Sharpe makes the point that if price 
remained constant over succeeding short time periods, as 
quantity demanded increased, a long run equilibrium value, 
©. vould be eventually reached and would indicate the points 
for a demand curve. He stated that D* should not be repre- 
sented by short run observations of prices and quantities, 


but cvather, only by long run equilibrium positions. He 


oy 





Memonsctrated the results, aS indicated in Figure 2 by the 
Mieidge curve, when future prices are held constant; it is 
mime wGompertz curve with a coefficient of 0.2526. If, in 
mfee, fLuture prices fall and technology increases the power 
Se performance, then Chow's representation based on constant. 
Prices will not reflect long run demand for computation. 
Sharpe then concluded that neither approach (Gompertz curve 
MeE~EeveoeiOcgisctic, or S Curve) is likely to satisfactorily 
predict growth in computing power. +” Chow preferred ie: 
use of the Gompertz curve because of comparable empirical 
Studies conducted by A. D. Bain concerning a Similar early- 
growth, technology-oriented television industry in which 
the growth rate was found to be higher at an early stage 
and then found to decline gradually in later time periods; 
Buch was also the findings of Chow with respect to the com- 
pacer mreueery 

Comekate of Growth of Demand . 

The complexity in measuring the growth of demand 
for the use of computers in the United States follows from 
the same difficulties which were found to ore the measure- 
ment of elasticity of demand, product value, costs, product 
durability and other input determinants. However, Chow 


observed that the 1960 based rental value for computers grew 


from $370 thousand per month at the end of 1954 to about $194 


208 onarpe, ees DO 5 Ole. 


20° bid., p. 1126. 
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Seerion at the end of 1965, for an averuge annual rate of 
growth of 88%. In another study by Professors Schwartz and 
Me torn-!° Peeoeemere Cngeadetiat technological change should 
BemtcOlacted to present natural growth in the computer indus- 
fey, end they observed that technological impetus is more 
mmeemounced in the carly years of ar innovative industry. 
(This confirms Chow's findings of 2 slightly earlier period.) 
Peawartz and HWeilborn also provide an extremely interesting 
fey. OngG Lange projection of continued growth in the indus- 
try, which fully accomodates the somewhat shorter range. pro- 
jection of Chow in his selection of the Gompertz curve. 
Meese COomiined results are presented in Figure 3, and it is 
Meparent that growth iS quite pronounced in the early stages 
of development, gradually decreasing over time. These two 
Severe s Fepresent the only availabe analysis which could be 
meme meconcerning the rate of growth of demand for computers. 
Mtenwetuay Of Schwartz and Heilborn contended that consider- 
eere Masrépresentation had been made in one mre Io0 Ss thas 
the demand for computers had begun to mature, in terms of 
TeaeubavleG Growth rate. They also observed, contrary to most 
Sete tteralure at that point, two directions of future 
growth: 

(1) The rapid expansion toward the small computers 

(2) The sharp reduction of growth in large scale 


equipment owing to delays in perfecting effective time-sharing 


27 1: 
and management information systems. 
270 conwartz SVcicl VSlealgl ever aig pam camer ae 
27 dipia. 
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These projections appear to be well supported by 
meerent developments, including the yet unresolved diffi- 
eee tes in the communications interface task, which will hold 
Mees utility concept well into the future. Schwartz and 
fem Dorn also projected a slowing of the five year interval 
Meeween computer generations as part of a long range temper- 
ing of technological growth, but the announcements of 1970 
Memeave celayed that prediction. 

In explanation of the use of the S-shaped or sig- 
femee Curve they relate that economic theory holds that the 
Beace of growth of demand depends on both the present size of 
Peemmarket and the difference between that value and some 
feeeticsi Zed Saturation level. Further explaining the re- 
femees presented in Figure 3: 

Wee eee eo rates evel! Tne Observed behavLor of 
many markets over time. In Section A of (Figure 3), demand 
Mees exponentially in the period wfter the introduction of 
computers, because potential customers want the product 
badly. Section B shows that the rate of growth gradually 
declines until absolute year-to-year growth becomes stationary 
as initial demand for the computer are satisfied. Demand falis 
@emmore and more capital in the form of computers is added to 
fixed amounts of labor and natural resources, so that the 
Meet itaorlaty Of investing in additional equipment falls. In 
Section C, the absolute rate of growth declines because the 
Peoritability of investing in new machines is still falling 272 
and existing computers, being long-lived, need not be replaced." 

Section D of Figure 3 represents the accomplishment 
Sieseiuration, at which time Gemand for computers is projected 
me be for replacements and upgrading. 


In a recent shorter range projection, the Diebold 


Group also accounted for the small computer growth. Figure 4 
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Pmmarizes their findings as reported in Computer Decisions, 
ema itt Can be noted that the accelerated growth for peripheral 
equipment is projected to 1975. Diebold expected that the 
momoer Of Computer systems will reach 46,000 by 1975, and that 
37,000 of them will be the small, mini-computer; of that 
em@emnt, 22,000 are expected to be employed in dedicated con- 
meet Of production equipment. */? Semcewhat Contrary to the 
memwearts Scudy, however, Diebold projected that a new infor- 
mation services industry (through remote terminals) will 
emerge, with a value of $6.4 billion (sic) by 1975. They 
miiecnier note that this growth is largely attributed to the 
Memecpace Imdustry experience in extensive applications, 
which mended. +. 

(1) Computer-aided design 

Cave orem aeplications itm archetecture, 
animation, and city planning 

(Seiiibccectivergrapaie display applications 

(4) Procurement tasks such as vendor selection, 
bid evaluation, purchase order preparation, and material 
Plow CONtCrO!L. 

Gen oubstitutes 

The subject of the availability of substitutes 

and cross elasticity of demand at various prices reopens the 


complex issue of the determination of a cost-benefit relation- 


ship among alternative choices of information Peececo ung 


ie Jconpucere industry tO Hit", p. 2. 
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(including manual), and the cost trade-offs which have made 
Bemparisons particularly difficult. Simple cost displacement 
m=en1ods have been attempted by customer firms with limited 
success.*/? fa MOse Matured applications, the choice becween 
automated and non-automated techniques has no longer been 
mew co complete reversal except when sizeable reorganization 
and cost benefits can be clearly demonstrated. Personnel 
adjustments and training investments likewise bear heavily 
Sa@ealternatives involving substitutes. 

Joel. Clark has eeeued eersiacively, in general, 
Miee LOngG run demand schedules might “in numerous cases 
Seoreoach the horizontal so closely that the slope would not 
Bee a matter of material moment, in light of all the uncer- 


tainties eevee ico 


This hypothesis has had important 

Pp tetommance implications which will be examined in a con- 
MeanctngeseCLion. The demand for products, or as IBM asserts, 
meiemoect Vices, Of a firm Or an interacting group of firms 
Which possess market power is much more price elastic over 
the long run than in the short run. Two reasons have been 
meoposed for this by Scherer. *// Auovs eae Sh) leyshes Yaloljlelene a 
mrommamong products or services is much more intense in the 


Hong un than over any observable short period. It takes 


producers and consumers time to evaluate and react to product 


ore, Fagn., p. 14-16. 


2710 cj ark, Uae, Toward a Concept of Workable Competition", 
The American Economic Review, June, 1940, p. 248. 


277 scherer, HeMiaoe2l3- and Schwartz and Heilborn, p. 22: 
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Sm@anges in Spite of active marketing pressures. The second is 
memmon tO MmOSt industries with even a semblance of competition, 
meetcnat a price policy which has maintained prices persistently 
Beove average cost levels, may attract new entry into the indus- 
try. The very Simple mechanism over time from the above con- 
eeeeton, 1S that if such new entry competes to a point of 
meaucing the price levels, some individual firm's average 
meeenmigit be found in a loss condition. Entry and exit 
meee ebp Or SUbStitute products in the computer industry, 
Meeneits Carefully differentiated hardware, is particularly 
meeercilt CO evaluate since leading manufacturers are willing 
menmencaure great development losses. Proper evaluation of the 
meess elasticity of SubStitution in the computer markets is an 
Mmiemerouls abea fOr analysis not yet possessing data for such 
m~eeyvscis, The complexities of the hardware and related soft- 
ware choices and the uncertainties of technology, together 
Weaeeene Perload Of Contractual commitment have served to slow 
mie sreaction time of the uSing firms. At the risk of over- 
generalization, it would appear in the dominated computer 
Meret that tne effects of substitution hee been minor, 
although not necessarily non-existent. As noted previously, 
the emergence of the used computer market, aS a new price- 
Substitute factor in the new computer market, may be the 
first opportunity to measure the effects of substitution. 
e. Marketing and Hardware Acquisition 

The scope of marketing in this context does not 

include advertising and customer engineering services. some 


of the effects of these very broad areas and the relation to 


agZ5 


Paraware ManurLacturing will be necessary. The practice of 
buying and selling of computer hardware has been observed to 
pavOolve a very detailed manufacturer's “list price schedule" 
meme r than Solicited, sealed-bid price derivation. Nor is 
ema practice uncommon in markets involving industrial pro- 
Omees. The many deciSion steps leading to a list price 
Pem@eaqule On the part of the manufacturer, and the steps to 
Pemioltlowed on the part of the purchaser, were studied by 
Professor Hamid following the Cyert-March behavioral theory 
ee the firm.-/8 He found the computer industry to be highly 
feepeive tO clial approach because it focused on the full range 
weeseeps OF CONSiderations, not all of which are, or can be 
Peeeried. He £LOund manufacturers: interacting in the price 
leader technology oriented industry; and he found many levels 
Seeouyer end Seller interaction to arrive at complex hardware 
macmpocLeing arrangements. 

There is a considerable volume of literature which 
Meaeecerendeq Or attacked the profit Bee auton hypothesis 
Saecie traditional firm theory, but at the operating level 
pewene businessman in the computer market, there iS an environ- 
ment of dynamic uncertainty ranging from potential techno- 
logical obsolescence to application success. The user, even 
aoa businessman, is faced with the skillfull marketing 
engineer on the one hand, and his own PMicernal tr Com= 
plexities which sometimes seem to be in conflict weoelie bea — 


Mace me lilt, S sons. <7 Very generally, the argument centers 
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Pomc Me Kk.) Chapters Ik, VIL, and VIII; and p. 122. 
Selerer, fF. M., p. 2/. 
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around the traditional firm theory as having been designed 
iemexpiaim ... the way in which the price system functions 
es a mechanism for allocating resources among markets; 
memecavely little iS Said about resource allocation within 
etic suit Ween The behavioral theory has considerable 
Meee ive appeal in that it attempts to identify price as a 
ferme cthae GeCCiSion process. Cohen and Cyert dismiss profit 
feetiezacaion OL the conventional theory of the firm, and then 
Smeline Eve goals of the behavioral wegen ees 

Ceimecoductaon goals 

tay Enventory 

(3) Sales goal 

(4) Market share goal 

(Prorat goal 

Die la sje Semen mne | by eocknowledgqe@ene pre— 
mmemaoal aS important in his report of the results of a survey 
of eight manufacturers of computers (three did not respond) 
Miomiveurelatead £irms. Profit, growth, reputation, and 
return on investment were ranked highest by the aeeiemernes. 

| iicmmlodtiitone i Neneory Ol the firm does not 

EeeaGrto previde any unustial difficulty in explaining the 
operation of the oligopolistic market behavior which Dr. Hamid 
end others have observed in the computer industry. All of the 


ened Lee oiGdowrctely, wcsee also Cohen, Kelman, J. and 


Cyert, Richard M., Theory of the Firm: Resource Allocation 
imc Matkhet Economy, Prentice-Hall, TSG cms jo) 5s peel epee” 


eo cohen ememeveLe;, 9. 550-357. 
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many clements of price and output decision-making can be 
observed along the lines of the market mechanism, whether a 
dominant firm affects the market or is dominated by market 
Memnareions. The difficulty in evaluating some of the econo- 
re nwcrtects in the industry is the absence of reliable rele- 
mame Gata, rather than by a choice of models to afix such 
meeOQcmatilon. The many cost decisions which the leading 
BeeieaceurersS Surely engage, are not disclosed for public 
Scrutiny. The public interest might thereby be indirectly 
hampered if unreasonable profit maximization has been per- 
Meeeted, Chis possibility will be examined in the section on 
Meelic policy. 
Momcovetical Character of Demand 

MicmeOwctamt MCCaNtor Larger, Laster memory 
handling seems to be the response of technology (Supply) to 
demand. Yet computer generations which have ushered the 
Pe=eriology are also within the control of the manufacturers, 
The poSsibility of planned obsolescence has been explored in 
Pierce rature at eee and the question of whether 
meehinology will continue to punctuate succeeding Generata ons 
has been raised by Schwartz and Heilborn. The pattern of a 
Benecation cycle has become a part of the structure of the 
Meaeket whieh seems likely to continue, not only as a means of 


introducing advanced capability and timing of the research 


ener sorn , p. 22-25; Nelson, "Used but Useful", p. 26-28; 


mgeere <anaer, T., p. L26-129. 
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erort lO Lhe market place, but an economic necessity of cost 
meeovery For the manufacturers. That capital intense pro- 
ameter on and research commitment in the computer industry has 
become a pattern with no apparent alternatives, is beginning 


to become an economic reality. 


B. MARKET STRUCTURE AND MARKET MECHANISM 

PvemoleCetrOnle digital computer industry requires four 
eeesbons tO permit its essential product to function: 
hardware, software, services, and Supplies. Several other 
Categorizations might include important divisions such as 
Eeadning and systems’ studies. The focus of this study has 
been placed on the equipment, or hardware, manufacturers 
Meme imrreouecnely required an understanding of those other 
fevesrons in Order to comprehend the existing market structure. 
iesiimlportance OL the market structure in determining the 
behavior of the firms in the industry, and likewise the 
Biedceny S Contribution toward major economic goals, which 
Pomtne performance objective will now be examined. The 
causal flow of the active elements considered in the basic 
Spjectives of supply and demand (Figure 1) provides the 
meuncatton Lor this structure. 

Peli Ooemnst iG Structure 

Although the Department of Commerce reports examined 

in the basic conditions listed as many as 140 to 178 firms 
Pimiicecompurer industry classification (SIC 3573), it has 
also been determined that 98% of the output of the industry 


in terms of sales value of shipments can be attributed to as 


LP, 





Beweas ClGNt OF ten manufacturers. Table III listed the most 
meecle INtOuMation available concerning the sales of the ten 
f-acing fikbms, and Supports the oligopoly definition ascribed 
Pyebcs. Hamid, Schwartz, and Heilborn. In a classic study of 
Glugopoly end antitrust by Kaysen and Turner, the definition 
of an oligopoly was found to center around the percentage of 
Mimemnaustry S Sales attributed to each of a small number of 
iene. This Getinition will become more complex in the 
Pemoraecration Of market conduct, for, as Richard Caves had 
Beated in his text on INNES eIEI Paiicwiy «seaee InEeraction of 
Peet oein am Ollgopolistic market is not only a distinguish- 
iqem@eature, 1t arfects behavior and ultimately performance. 
eayves Lefe;s to this as mutual interdependence. -°> 
Pimiiee-eeielve  siLuay Dy Kaysen and Turner, 27 indus- 
EeyegtOoups were divided into three categories, which have 
mecome ConStants of reference in the economic literature: 
Type I oligopolies, in which the eight leading firms (in 
Poles) account for at least 50% of the industry sales; Type 
Pimolrgopoliles in which the leading eight firms accounted 
Bomeocewoen 33 and 497, and the top twenty accounted for at 
Wels? 57o7Or tne industry's Sales; and "unconcentrated" in- 
Gustries with many firms and lower concentration ratios. The 
general conclusion of Kaysen and Turner is summarized in 


TAS Sarees 


284 aysen, Soclaenoetucnen, Douala Fo, Antitrust Policy, 
Hotaworecmtniverscity Press, 1959, p. 21-41. 


28> caves, EeeOP ee Cle. D-o0s 


Se AWeen and Turner, especially Tables of Statistics, appendix, 
eee oo) and Scherer s Summary, Pp. 60-61. 


30 


Troe NeMBeERwOr OmEGOPOLISTIC INDUSTRIES 


Number of Percentage of 
Industries Total 1954 Sales 
Type I Oligopoly 64 23 
mype 11 Oligopoly 56 eo 
Unconcentrated WAR AL 
TabpLe XL 


PaGmeramseveny OLread Study, and numerous other Sources, 
memo readily concluded that the computer industry satisfies 
Miemeyoe 1 Oligopoly. Not only the top eight firms, but 
indeed the top firm has accounted for not 50% but 69 to 73% 
over several years. Table III has indicated that the top ten 
mianmesaccount ctor 98.9% of 1969 computer industry shipments. 
Professor Scherer listed the computer industry among leading 
e-amoles Over the past several years which have approached 
monopoly, when, in 1968, IBM managed "to retain more than 
We oer cent of the turbulent digitalelectronic computer and 
data processing equipment market."7>! | 

Although such studies normally concern sales, the 
Gata concerning value of shipments has been necessary to 
provide a denominator of sales and rentals of computer equves 
ment. It also contributed to more refinement in that sales 


figures of manufacturers frequently included revenues from 


non-equipment oriented production. The MnuUcsuateadi tr Teulty 
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in determining accurate industry data has been noted; many 
common sources of such data to businessmen were traced to a 
single leading source: Internatioral Data Corporation, or 

its industry newsletter EDP industry and Market Report, both 
of Newtonville, Massachusetts. Adems Computer Characteristics, 
Meeeeo Successor, Keydata, Computer Characteristics Review of 
nearby Watertown, Massachusetts, are also referred to in the 
miterature as data sources. The latter quarterly summarizes 


Bemaware Characteristics, and lists general price ranges, but 


Bees NOL attempt to record installed quantities, 8 


ee 
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humesous common business, economic, and marketing publi- 


cations refer to these two sources or newsletters thereof. 
nOieexanple, Computerworid is a weekly industry statistical 
m=pore OF International Data Corporation (their use of an 
address of both Newton and Newtonville, Mass. with identical 
street addresses has not been resolved). Keydata, as 

noted does not publish quantities of computers shipped. 
Thus, the bimonthly EDP Industry and Market Report was 

found to be the only source for such information, and 

Since the leading firms in the reports refused to divulge 
exact cata, the information is derived from customer sur- 
ooo  eelephone Conversation with Joan Schaar, of that 
maGustry publication, it waS learned that this survey pro- 
@equre, calleaq the "Blue Sheet", is regularly mailed to all 
known computer users and manufacturers. Common sources such 
as Barrons, The Wall Street Journal, Business Week, Forbes, 
Seancacdeand Poors, Computers and Automation (which has 





same Newtonville address), and indeed many of the statis- 
tical reports listed and cited herein, all have depended 
Stee ceeor. tinal rectly On this Single source. Since the 


Department of Commerce is forbidden by law to disclose in- 
dustrial firms' data, the sole Source of census information 
becomes: International Data Corporation. That such data 
fay seemighty accurate is not questioned. EDP I & MR dis- 
Gonmermued estimating 1ts own accuracy; however, the survey 
to user firms was estimated to include 80% of the industry 


in March 1967. EDP Industry and Market Report, March L5, 
iMovie LO. 
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Gne Department of Commerce conducts a census of manu- 
PmaAcEUrers approximately every five years. The published 
meeeres tnecretrom, which typically take one to five years 
to compile and publish, provide information concerning the 
employment, manhours, payrolls, value added by the manu- 
iPreturing Process, Capital expenditures, cost of materials, 
Mmm@eectitOry Clata, and value of products shipped, all classified 
Pyenumerically coded industry groups. Current legislation 
meovided that such census undertaking shall pe conducted in 
Pears Ending in "2" and i Homee menos met Census Of ie 
faeelberoewa! | be conducted in 1973 covering activity which 
will have occurred in 1972.72? 

The classification index used for these census is the 
Standard InduStrial Classification Manual (SIC), which pre- 
sents industrial eee caey in a heirarchial system by major 
metueteses, Ine 1967 census has been published between June 
and November 1970 (preliminary reports were published about 
one year earlier). That current census lists twenty-one 
218 36 pie major Manutaeturing Industry groups, 150 Subdivisions 
See Sortie Groups, which are further ates into 422 4-digit 
Micgiietry ana product groups, L200 5-digit product classes, 
and finally, about 10,000 7-digit individual product types. 
hotealieamanstrial input into the industries surveyed is 
Polm@eated in Ene latter category; rather, as a means of 


developing industrial activity apart from that which might 


289 Weencme, §967.° Emdustry Series”, p. iv. 


133 





Pemvictoly represented by any given firm, @geeper and deeper 
Miteo1tlcaciOn becomes necessary. This "SIC" system for 
U. Pecworr tal Classification 1S portrayed in Table XII 
Memethe computer industry, and is representative of much 
Semene Other industry's formats. The SIC code followed by 
feeb lok indicate a digit-level category in use for the 
Pemieeet Ingustry prior to the final report series for oe 
Uiemmeepartnent Or Commerce also prepares a special 
Mmimemenserics as part of the censuS, which includes infor- 
itaeton On the degree of concentration in any given industry 
ae usually according to the 4-digit classification. The 
Sem@uber industry was found to require deviation from the 
Herma reporting method of value of shipments accounted for 
Meee, G, 20, and 50 largest companies. Instead, the 
Semeueer industry is reported by "value added by manufacture”, 
ostensibly because value of shipments contains a substantial 
and unmeasurable amount of duplication. Intra-firm transfers 
eeeecourse woulda diminish the usefulness of such data. The 
wane added method presents a less concentrated picture for 
ele Computer industry than the market Pes caution 
iapieue im Table Til data. The total value added for SIC 
3573 was $1,926.4 million and the percentage attributed by 
the standard grouping of the 134 firms, in the order 4, 8, 
20, and 50 largest companies, was: 66%, 83%, 92%, and 98% 


meopectavely.<7— 


ee dee ; see also "Census, 1967: Summary Series," and Singer, 


Pee ene heruSt ECOnomics, Prentice-Hall, 1968, p. 160-168; 
and "1968 Annual Survey". 


Soaogy @Gencentration Ratios", p. 31, 38. 
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THE STANDARD INDUSTRIAL CLASSIFICATION SYSREM FOR 


THE COMPUTER INDUSTRY (SIC 3573) 


NUMBER 


Or 


SIC CODE DIGITS DESIGNATION 





SB, 2 
2M | a, 
3571" 4 
2512 o 
pp \0* 2 
DOVDDI 6 
various 
(3573111 
tO 
3573531) 


Mejor inductry 
group 


Industry group 
Product group 


or industry 
Product pgreup 
or industry 
Product class 


Product clagea 


Froducte 





NAL 


Cer SS eee 6 eee eS eet ee 2 eee a eg 


Machinery, except electrical 


Office and computing machines 
Computera and related machinss 
Comrusers 

Parts end attachments made cspeci- 


elly for computers 


Parts and attachments made espoci- 
ally for computers 


Various products of the mamifacture 
listed in Table GA of each industry 
group surveyede Could be a teletype 
writer console or a semiconductor. 


A a Ee a ene BE le ee ee ee 


Table XIf 
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The structure of the computer industry, in terms of the 
number of sellers and buyers is relatively small. Eight to ten 
firms produce more than 90% of the output (98% according to 
the data from Dr. Hamid's study in 1966), and a total industry 
membership of 134, 140, or 178 firms which limit actually is 
determined by the number of employees. The Department of 
Commerce did not canvas firms with fewer than ten employees, 
Meceiougi it estimated that there were nine firms with one to 
four employees accounting for $400,000 in value of shipments; 
and an estimated six firms with five to-nine employees, | 
fPeeounting fOr S1.2 million dollars. The concentration has 
other determinants depending upon the degree of specialization 
Himeele Product represented by the firms categorized by any 
4-digit group, and these factors will be further examined in 
Pmeilosection titled, according to Professor Scherer's outline, 
"“conglomerateness". 

Tae number of buyers Cannot be accurately detcrmined 
Puen eConoucer industry. One indicator of this element of 
Bieeyeriee structure is the Cumulative net systems installed. 
Then if one desires to consider any euraeer refinement, for 
such reasons aS allocation of marketing resources, additional 
reference data might include the annual inventory of computing 
equipment in the federal government, supervised by the General 

JEG 


eemvTees AQMiInistration. The current inventory identifies 


5277 systems in the federal government, and provides a detailed 


B= 1. S. Bureau of the Budget, "Inventory of Automatic Data 


PreocesSing Equipment in the Federal Government," U. 5S. 
Cevemnment Printing Office, July 1970, Charts 1-4. 
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Secount Of the number by method of procurement, geographical 
Meeation, and indeed management classification of employment. 
mmerlso Provides a detailed account by manufacturer, and it 
feewmoe nNOorec Chat Chis count does not conform to the output 
Setetoeves Of Table Til. This provides a caution for deriving 
Meweecabinet:—counting technique, unless dollar values are also 
Meeetea, wWilch are not so provided in that inventory. The 
Peer oucLoOn by manutacturer is reproduced as Table XIII, and 
BO assiSt in comparing just how the federal government compares 
memceerarge buyer, Table I may be used which includes cumulative 
pwetcems in use, from Standard and Foor’s "Basic Analysis" of a 
Bemoarable time mer oce ae Mice eon elon ean Inventory OF Count 
Of the net number of systems shipped and in use by U. S. manu- 
facturers covering a ten year period, with data from EDP Indus- 
Mayereoort, From this data it can be noted that, although 
the U. S. Government was a significant user of the computer 
Mmcdwstry S Output at its inception less than twenty years ago, 
it operates only about 5% of the systems in use based on 1970 
data. The 109,800 systems estimated to be in use and the 
Pee ediecoumteed for by the government Wey ae Oana t 
course represent the dollar value of the investment. 
Vee Goole: Ore terentiat1on 

Having examined the very large number of possible 
differences in computer hardware, much of which has been 
made possible by a well-organized and financed technology, 


one can then multiply those differences many times by the 
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WORLD-WIDE CCMFUTER ACTIVITY AND SYSTEM 


Number of Cumulative § Hillion Cumulative 

Systems Number Value § Billion 

Shipped in Use Shipped Value in Use 
BiG{4ecceees 62,200 272,100 13,400 70.8 
MMM D..5e.-5 53,100 219,100 11,800 60.8 
MeO72sseees- 42,800 [eR eS®) 1C, 300 Bilal 
Mess. +ss 35,800 137, 790 E.,940 43.8 
Peg (Osesstse 25,100 109, 800 ee 36 08 
tee wea secs 19,650 89, 400 A170 e0ec 
HeOoeecceue 14,700 69,400 ign O 24.6 
Wiiseccses 16,700 Di COO F900 13.9 
foeee. esses 10,200 40,600 ae) Oe 
Mees cess «©6077, 400 31,000 Ole ORL 


E~hstimated 
Source: EDP Industry Report, as published in "Industry Surveys: 


Basic Analysis", Standard & Poors, July 9, 1970, page O 13. 


Peer two tABLE ££ ENCLOSED FOR EASE OF THE READER. 
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weareron Of COnStantly improving software, as previously 
acknowledged by Gregory Chow. The methods by which firms 
memive to dirtrerentiate their products from rivals' have 
meevely hollowed the early exponeritial growth of technology 
wemeteed by Pr. Schwartz and G. Heilborn. In the simplist 
Peas Om COMPDECTICiOn a participant may alter the price or 
Be mecoddect, OF both, presumably to maximize profits. In 
Piemeomnputer industry, technology has so rapidly improved 
mreaware Output performance, aS préviously noted in the 
SeeeemosrOr Knight, Solomon, and also Chow and Sharpe, while 
Prrees remained Somewhat constant, that product differenti- 
PermorovLTdes aq natural shelter for price behavior. Not 
Peeweretie previously advanced Studies asked the question, 


Pepeoro NOt the hardware price decline as output so rapidly 


ineeeveds. ne Limited sources of price information indi- 
Semcauhiat the prices remained conStant, i.e., the price tag 
Peete coed by tne ACCOUntInNg department of a user. Scherer 


has noted that, generally, the price decisions are more readily 
eieeereable than product decisions, although the computer indus- 
MaverOoulows the inverse of both. For most industries, as 
Scherer indicated, the product commitment with both long and 
Paem@emeumeecenstacrations, leads to a not too severe over- 
Miiolmercatven that pricing decisions epitomize the tactical 
Pueh>lemew@e, business enterprise, “while product differenti- 


. 1294 
Pelonmceeiorons fall more heavily in the realm of strategy. 


eee rer. Dp. 324% 
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PEeaiecy emerges im the Short run, however, in the 
Semoucer industry, with a phenomenal five year new product 
Pelee Lt becomes important to review the basic forms of 
eameceeeaitrerentiation to give appropriate recognition to 
Mmaemices OF this differentiation, and later to some of the 
consequences. 

Heese and mOSt Tmpertant Lorm of differentiation 
Mmm Divysical product differences, both actual and implied. 
PeuracturerS will differentiate products so as to display an 
BeaPptcation or improvement over Coup oernonOmOoOuUCtsS, “Vet Stilt 
MeeitiaesOome accepted normal range of capabilities. Some 
Beancards have emerged with U. S. Government encouragement 
Mme] LOm Character Capacity representation, and the 
ees erloy Of Lhe Department of Defense that COBOL language 
eewmiliy oo Included in hardware procured under its auth- 
Weitev Thie market mechanism has been seen to provide a 
Pee Or commonality among manufacturers, who desire their 
hardware to be as general Purpose as possible So as to con- 
pete for a maximum of different application requirements 
(demand). Product differentiation re ACES be accomplished 
within competing capabilities of peripheral equipment and a 
fecae range OL SOoLtware, including systems software, compilers, 
macmiunranislarors. 

A second. form of differentiation is service. Hardware 
and software services' pricing methods have provided a major 
test of a very complex pricing system in the computer industry. 
Hardware and software prices have been intricately combined 


by most manufacturers, in such a way as to present to the 


141 


Buyer a Wide Variety of packaged prices. This method has 
meen attacked by the independent scftware firms under various 
charges of unfair competition and monopolization. These 
Metlerers Will be examined in a review of cases in the section 
mmouolic policy. Generally, Separate pricing has become an 
Memeo roved Lact, and iS often referred to as "unbundling". 
#t Will be seen that the large manufacturers which have un- 
bundled hardware and software prices, have slightly reduced 
Seeeement prices, and introduced services’ prices which are 
meet cantly higher than previous combined charges. None- 
theless, tne full effect on differentiation based on services, 
Sanee the unbundling of June 1969 are being overshadowed by 
eiewnew hardware announcements, and prices, of 1970. 

Pit camel atton OL DPLrOCUccSs by the application of 
Paola lesecrvyices 1S e€Specially important in the computer 
Migm@etcy. | Proressor Hamid found that computer manufacturers 
mevewrad Considerable freedom in the market to assign prices 
ferme eeme £eom Ehose Of their competitors; and the degree of 
Pearce Vacilations depended upon the product differences in 
Sowers perrormance. Performance which is Ereeorece with 
essential services provided considerable latitude for 
differentiation.~>> 

Peete torn Of GitLEerentiation, location of a plant 
@iewcaetony Convenient to a locus of buyers, is not important 
in the computer industry. One of the leading reasons for 


pore chapter It, and p. 34. 
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Pfoeloaetidat the erfect 1S normally accomplished in the above 
SaeceGCLy OL Service. Programming, engineering, and systems 
Petarrees ore trequentiy provided readily available to most 
Siietemers, and in the case of large users or complex systems, 
Miemeservices are Often available at the location of the 
eeulpment. 

Siemwet Ene results Of Che availability of service is 
meodality Product image, which is carefully maintained in the 
Memedweer Incustry. This fourth imeortant form of product 
—MT——etmemeladetom Will require further discussion in advertising 
and promotion under market conduct. In a market structured 
Mi@geGeeie GCOominant Leadership of a proven promotion expert, 
Seeeeeerenciatlion on the part of the competetive ig Ne es 
followers, becomes a task of either establishing overwhelming 
Peemnreat advantages aS was seen in the historical develop- 
Peet econtrOol Data Corporation, or a task of displaying to 
MeespeCtivye buyers that itS product accomplishes as much or 
fete mLOL a lower price. The literature of the computer indus- 
try is very much dedicated to endless comparative discussions 
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Gf these differences. That a useful service is thereby 


performed in informing the buyers and users is not questioned, 
but will be examined as part of conduct and performance in the 


JLIQUSHG REN eran ee 


FAN ge example, periodic articles in Datamation's “Perspective” 


follow major equipment announcements, which compare and 
analyze specific configurations. "RCA's New Line", and 
IBM's 370/145 Uncovered", of October 1970 and November 
1970 "Perspective" sections are recent examples which 
provide announcement data. 
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Peeeebaoeders tO Entry 

taemape@eatanee and disappearance of firms in the 
computer market was described by Dr. Hamid as characterized 
Pye Lmited freedom. >! It can be observed as considerably 
feeemeimitea With respect to the manufacturing of digital 
Semouter Equipment. Some of the leading inhibitors of 
eimery are: 

eee On Capi tal Pequirement EO Support the 
eeery, Long term production cycle. 

be rechnical complexity of hardware and logic 
fee womno feoulres personnel capabilities, at the limited 
Paremtiot and Gngineering levels. 

Pelee tnnOvactcive Capabilities as a limited resource 
Peemiurctner Constrained by the patenting consideration, as 
h@imecea carlier. 

Sem acm MOLiLcCeadle absence Of prcfits for several 
Years permits only large well-financed manufacturers to 
Meeeiloe Chetry. Major firms such as NCR, RCA, Burroughs, 
Sperry Rand, and General Electric have experienced long 
Pe erotenon unDrOoLitable computer Eres te The partial 
Pemenaraval or Gk From computer manufacturing, and the re- 
fino onm tis Obj}JECtives toward the time sharing segment 
e-wtenewecomouter market, 1S the observed reaction of the 
MOWm@enlaceest: U. S. Corporation according to the Fortune 


Pome oo nuneeed survey for 1970.7-° 


oe eed peo). 


298 1bhidg. See also "Fortune DOU oF O,” p. 184-185. 
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A substantial and intriguing body of economic know- 
fmeemmneele field ©f price theory and the relationship to 
entry, is beyond the scope of this review, however Dr. 
Pem@erer S text provides an excellent entry into the litera- 
Mme@eemor cubrent analyses, in his chapter on "Pricing to 
Meeememitery . Application of existing theories to the com- 
Meee eetnaustry 1S particularly difficult in the examination 
Seeenery and exit of member firms, because of the long 
reaction time as noted of major firms above, the absence 
Memperereec nana COSt Statistics to determine possible entry 
Sememetons on the competetive fringe, and the unmeasurable 
effect of technology with its related innovation announce- 
Meme cycles. It can be generally observed that to date in 
the young computer industry, prices have apparently not 
Mmeeemesuttrerentiy high to encourage a large new entry of 
Senieecelrors. The new developments in the small, or mini, 
Peieacer Market, and IBM°s belated entry into that field 
Seuteroe the first hint of open entry for a producer with 
existing capability and marketing expertise. (The growth 
Peene wsdl’ COMPuLer market perhaps could me the leslige(sia (OLE 
Mie@mereveCitrantSs as Xerox and Texas Instruments. The 
Sizable technology and expertise barriers are attainable 
through different avenues by these two firms. Survival 
Eiaouche vertical integration is another possible explana- 
Pomewitecaswilierequire more time to evaluate. 

Damiana has noted that exit from the computer 
industry is also quite limited Judging from the present 


behavior of the firms. He outlined some of the closely 
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related industries in which the major computer manufacturers 
Peel Lecmpacte, and theorized that Such firms use these "other" 
Maeve emimmines EQ carn a Sufficient profit to permit the 
SemipuULeCr Gavision tO Operate partially as a research 
mreilityec 7 He also considered the prestige or reputation 
emer womerie CLloit leading firms to be a Significant 
Peeeieme tO Exit by the large multiproduct firms. Finally, 
Mere portea that the existing firms which were experiencing 
heavy losses had recognized that potential upon initial 
Pmeny and nonetheless persisted in pursuit of long run’ 
piaewiccu Expectations. 

Piweeea entry inte Computer manufacturing is not 
@emeludaed to be the Single Source for price level mainten- 
enee by the industry's limited number of members. The fact 
Mieewentry 15 inherently limited is sufficient knowledge for 
[estan alt tkn tO Cxercise its full market power, as will 
be Seen in pricing behavior. 

4. Cost Structures 

Pueneucni prices and Costs have been noted to be of 
questionable value in the computer industry, the inability 
£O predict costs iS not an unuSual phenomenon, and certainly 
no reason to adopt the Cyert-March theory to explain cost 
piao ject ons. 

Uncertainty in predicting costs 1S a most contro- 
verSial issue among financial experts in business, and is 


abundantly discussed in the literature. The Cyert-March 
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PePpaetube trom the traditional theory of the firm suggests 

Piet uncertainty 1S avoided by the use of deciSion criteria 

orem £eature short-run reaction to short-run feedbacks, 

MiiiomclLrecumventing the need for quantitative anticipation 

Sie tuture events.°-” 
dne decision making within the firm based on short- 

memecCactLlon tO eG@ventsS and short-run feedback of new infor- 

MaeromeLs MOt precisely descriptive of the computer manufacturer 

Pee respect to decisions which tivelveoenew technologies or 

SommLements of large aMeUnES Gf capital-to new families oe 

Seueueers., Manufacturers have been noted to endure long 

periods of outflows of funds without any feedback on pro- 

Meeeislve —bCLuInNs, OF a point in time when a break-even point 

between receipts and expenditures can be identified. The 

leer ication Of the ae theory of the firm to these 

Pemomeecrelods Of technological development and marketing 

might be explained as a series of intermediate steps which 

Seuma perhaps be described as short-run reaction to short- 

run feedbacks. However, this cannot meecuately soresent ta 

Semele tesGescription of the long range BS eceives Or 

parameters within which such short-run decisions are made. 

The decision of General Electric in the early part of 1970 

to redefine its hardware manufacturing objectives and to 

retain only its time-sharing capacity, was made after several 

years in the computer manufacturing field. Such decisions do 

not appear to be the result of short-run reactions to short-run 


300 vert, R. M. and March, J. G., Behavioral Theory of the 
Peeneeercentiece-Hall, Inc. , 1963, p. 119. 


147 





Peele emolt Che failure to meet long-run objectives, and 
MiemoettLing Of new long-run objectives in the developing 
ime -Sharing market. 

Et became virtually impossible to make any useful 
comparison between the Department of Commerce Statistics 
and the income and operating statements of various firms. 
tee tor example, in addition to making typewriters and 
Seeeteeting equipment, reflects gross revenues of over $2,000 
feeeeron trom the IBM World Trade Corporation which is a 
Weemy Owned but independently operated subSidiary. Thus 
Semeenwon GLOss revenues have an indeterminate amount of 
imput resulting from other industries or sources. Nonethe- 
Pesos table XIV reflects this reported information, and it is 
Mmfeilese lig £O note the differences in capital expenditures 
Paemeiiveneony Intormation for this 1967 data. 

JiemeesemcetUCEULe OL the market mechanism has 
Se oecwoummterest to Conduct and performance because of 
Meoteentehard Caves refers to as absolute cost pores 
Mtemertecr 15 tO place the curve for average unit cost of 
Sirocuecton Lor a new firm above that of an Se eeiisnes yi a a nr 
Semeiatetmere 1S a Cost disadvantage at any level of output. 
For both firms these costs are high at the low-output volume 
feveltwanc gradually decline aS output increases. However, 
Secs eOupatencs and Cost Of capital to prospective new 
Pwenci@imem tie leqinning average Cost Curve 1S So prohibitive 


30l oaves, pee. 
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ey BeiANCH SHEET AND CENSUS DATA 


The Computer Industry 1967 Data aS Reported in 
fMetc 3573) 1967 Census Stamaana  & Poor's Corp: 
oes ish 


Department of Commerce 


Value (shipments) 53577029 
Gross Income Seo. 7 
eiemtal Expenditures i oe ee 1a Soo 
Inventories Siei 5) .(5) ei ee 
Payroll SOs.5 
Sost Of Materials ino? oe Ue I ON 
Siecrating Income Ae 3 
Net Income (SS eS: 
Depreciation, Amortization 

of Patents and Good Will a7 136 
Suecent ASSets 207 8.46 
SUerent Liabilities EO Zane 
New Working Capital 916.4 
meng Term Debt il 


Number of Shares (113,718,068) 
Book Value 34.4 (1967) 
Poaatturonal Statistics for 1967 Census: 


Payroll per Employee $8,124 
Eewage  PrOauet Lon 

Wage Hour See 
Cost/Material per $ 

of Shipment 20,0 
Cost/material and payroll 

per $ Shipment m7 ak 


Value added per man hour 
GS OeeguGtLon worker 





*Estimated by authors uSing Standard and Poors 48.3% COM 
meee OF 1967. 


maw len chy 


Sources: 


ome Ooeccarement Of Commerce, 1967 Census of Manufacturers, 
Industry Series, October 1970, page 35F-11; and Standard 
pemePee eu Goro., N. Y. S. E. Reports, Vol. 37, No. 183, 
September 22, 1970. 
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Sameowooewan absolute barrier to entry. Further, the research 
ema aevelopment costs to develop a different (differentiated), 
Pateemeaole product, and the cost to maintain such unique 
mennology, plus the cost of services necessary to compet- 
itively present a somewhat homogencus product, operate as 
major cost deterrents in the market mechanism. However, if 
Peewoomitiant firm errs by setting prices too high, entry 
Seema Dbecone possible at an earlier point along Such curves. 
That market share has maintained a level of consistency over 
Mmgempdast Several years would Pidteerewcnaee such price policy 
foeevell under control by the dominent firm in the computer 
moaeusStry. 

PROENeCE UnLGue Lactor OL Computer industry marketing 
Pmeaccice has had a Significant See CmeonmeesmNalntehnance Or 
Sememanece, and that is the need for capital. Not just the 
Gapital—-intesive production previously described, but the 
focbenonal capital needed to finance the method of marketing 
Bi -meempucee, | Somecrimes referred to aS renting by the manu- 
PeroeiiGeerows Standard and Poor's estimates that sales have 
Sonernuca sto Gecline aS Opposed to leases of computers in 
1970, and such deferred income to the rest of the industry 
which such rentals represent, have required heavy capitali- 
Zoom iin a high interest rate environment, the marketing 
Sepecmouicers at prices which have tended to be stable has, 
as Standard and Poor's acknowledges, a "decidedly negative 


impact", °° 
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Peer cical Integration 

To Bete le lnteoratiom 15 the combination in one enter- 
Prise of those establishments related as customers and Sup- 
fmemoe Ine 1967 Census data relating to concentration 
ratios has indicated that the number of members in the com- 
pewer industry who tend to specialize in the products 
me@gareocad aS primary to the industry is estimated to be 
above 90%. 

Puci@opeeclalizacien iS not directly the result of 
eaereal antegqration, but Serves to help explain one of the 
basic conditions, business attitudes, which has developed. 
Mmeemmene istory of the industry. The desire to provide a 
Peogemaualitcy, complete Service was noted to be a stated goal 
Pao eee ie Incidental products to this goal found IBM 
Seereting in the Supplies, hardware Services, and software 
Memkects. In Gach of these markets IBM and its followers 
eave tO maximize their market Shares. Supplies include 
ae eulous array Of tapes, @isk packs, ribbons, cards, 
specialized tagging, labeling and filing devices, and a 
mecewt Cntrant, atuowmeretain | 

taease Long Gomimacea the punched card market of 
Ene Supply Category. In 1969, Standard and Poors' "Basic 
Analysis" estimated that peripheral equipment represented 
more than fifty. per cent of the installed equipment value, 
and that the leading hardware manufacturers accounted for 


este Phalysis", p. O13. 


gost 





94% of that production.~°" The reaction of the independent 


firms has been to apply about ten per cent of sales to re- 
Seerem ana development, in order to continue to produce 
proprietary productS which now include software. The 
mimencial drain has been so heavy on these firms that third 
Pee ledoing arrangements have become the only avenue of 
peeetVval in peripheral hardware manufacturing, which has 
Peeone a2 Significant and Similar subset of the computer 
meaustry . 
Software iS said to have closely approximated the 
wemue Of hardware in sales value in 1S, cee ‘eybic srsune aks Wla a 
Pmieatton Cited by Standard and Poor's was that 90% of that 
Peete wes actually “developed by computer users, as opposed 
to computer manufacturers and indevendent software ecripani esa ee 
Piemeaole Which Supported that 1969 data differed consider- 
Weyer ton the one used in the July 1970 "Basic Analysis". °°! 
Peeieetolvecs Terterred £O EDP InduStry Reports. The most recent 
Hse presented in Table XV to represent the importance in Sales 
value of the hardware (main-frame central processor units and 
peripheral equipment), software, supplies and services. 
Another form of vertical integration flows from raw 
materials to finished goods. It was earlier noted in 1964, 


that IBM vertically integrated backwards when it entered into 


Seem@beOncuctor production. 


304 
id. 


206 TBs. 
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Ubasier Analysis, 1969, p. 08, O9. 


Bester Analysis,"” p. O13. 
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WORLD-WIDE REVENUES OF AMERICAN-BASED 


COMPANIES FROM KEY FACTORS CF THE ELECTRONICS 
DATA PROCESSING INDUSTRY 


independent Detea Computing Control & 
Peripheral Processing & Data  Fackaged 
*Computers Equipment Supplies Services Software Total 
mio7+ 16,370 1,340 1,610 2,440 2,560 24,3520 
E1975 =—§ 13, $60 1,100 1,500 241 50 1,970 20,680 
E1972» 11, $40 890 1,390 1,810 1s470 17,490 
E1971 erie rae) 1,290 1,500 1,050 14,670 
F1970 = 8, 0 560 1,165 1,200 700 12,225 
1969 Vee oS TOD 940 450 -10,110 
1958 6,425 260 960 715 270 8,730. 
1967 4,840 270 &50 530 175 6,665 
1966 5,585 1&0 740 Ags 100 =. 5 020 
1965 2,790 150. 660 355 59 = 4,005 


*From rentals and salea 
E Estimeted 
Source: EDF Industry Revort, as published in Standard & Pcora 


Industry Surveys: Dasic Anclysis, Section 2, duly 9,1970, 
Ne C1) 


Table AV 


IETS, 


6. Conglomerateness 


Pen yvonerateness 15 5a general form of integration 
which proceeds across organizational lines to achieve certain 
Seomonles Of market or product extension. A trend toward 
Pengj.romerate merger despite antitrust activity, was reported 
a@iter extensive studies by the Federal Trade Commission and 
Antitrust Committees which covered a seventeen year period. 
Mie smost recent trend towards conglomerate mergers does not 
pefiect product or market consummation; rather the past five 
years have witnessed mergers Vice seo Get n Gres Tinie x 
Meeemens OF Services, of the category described as diversi- 
mleecion. °° Nevertheless, there were 216 product extension 
SereromneLate mergers and one market. extenSion type in the 
1967-1968 period; and a total number of mergers (vertical, 
Meeizontal, and conglomerate) of 361. 

Memaecommoucer ManuLacturing LirmS operate subsidiaries 
ferexctend their image to services, software, maintenance or 
Supplies. Some of the leading firms moved into computer 
eau Loment from Peimery tncust nies Such as Clectrical equip— 
ment, television, and accounting re RE... but. vecent 1970 
Gevelopments indicate some movement is proceeding beyond the 
fiemiuEacturing Level. Control Data Corporation recently 
acquired Commercial Credit Corporation which in turn is a 
holding company with subsidiaries engaged in three other 
busimesses of lease-fLinancing, insurance, and manufacturing. 


Seneca, eee = AS. 
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Pac acquisition was reported to be prompted by the need to 
parid liquidity reserves. °?° 

RCA 1S another example of a large well established 
hardware manufacturer, and operates in Such diversified 
Peete as chose represented by the Hertz Corporation, Random 
Howse, NBC, and a global communications subSidiary. 

EGm@eougns has remained in the four basic divisions 
Beene anocustry but operates an active and profitable inter- 
MeeLonal croup. 

fiers Lev Lously reported tO Operate an international 
mero Trade Corporation; it alSo operates the Service Bureséu 
Meremoerac1on which provides a broad range of services inclucing 
Memo tadring. LBM also controls Science Research Associates 
which develops and publishes educational material. 

General Electric and Honeywell likewise operate in a 
Paeaceiange Of related and service-oriented firms and sub- 
pmemaries., When they jointly announced plans to transfer 
(teen weiclia GeSpDeCLive Computer Operations to a new com- 
Poamyymon May 20, 1970, the first example of a.major move out 
©f the computer industry was provided; the residue 1S a. Con- 
wpeomerate merger. 

hp weubolic policy section will present some of the 
Current antitrust actions which have as a secondary role, 
maemeivorce and. divestiture of the major subsidiary groups 


SEeeene Gominant firm. 


30° standard and Poor's Corp., “Standard NYSE Reports," Vol. 


Ewereiermi/3, ceptember S, 1970, Section ll. 
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Micmiiatket Structure in the computer industry has been 
described by Schwartz and Heilborn as-the structure determined 
PyeeeM. Inhey readily conclude that the dominant firm structure 
mierudes Gight to ten small followers who divide about 25% of 
Miemecinouter Market. IBM has determined that it prefers to 
Peeomits CQuUipment, with prices based on usage, because it 
is a service, and IBM has many related services to sell. MThis 
mi@eeemimd= Deen Seen to be part of the existing structure in 
Perot s CUS tO Capital requirements, cost Structures which 
extend over considerable time, and a form of Specialized, 
meaenmteal Service which attracts no take-over oriented con- 


efomerates, doubtless because of the capitalization ratios. 


See CONDUCT 

Mavtima eeccribedq the history, basic conditions and general 
Beaiesure Of the computer industry, it 1S now Bee seeate Eo 
Peienewtnec Causal £tlow of these determinants into the 
PoeLcuneg sane product. The importance of BicwsbEUCctime el Sir 
the way it induces member firms to behave. Such behavior 
Peludes setting and changing prices, output, products, 
services, research advertising and legal tactics which pro- 
Peicemtor alooundary Of conduct. Ordinarily in oligopolies, 
PIewiewerirms SO recognize their interdependence as to react 
memeneswamother: this has been noted to take place in techno- 
logy announcements, counter-announcements and replies. This 
action and reaction brings clever game theory possibilities 
to the computer market, except that the strategy variables 
are weighted by market share and the dominance in that area 


must be adapted to a more practical form of price leadership. 


Hla} e) 





eee ere ng Behavior 

Having reviewed several possible pricing schemes, the 
dominant firm model was selected as representing a special 
morn OL price Leadership in the coniputer industry. It is 
momestaered Special because it does not result in a common 
fe@mbak price mechanism, but a uniform pricing scheme that 
Mmroebeen described in the literature as the “umbrella" effect. 
Memias teatures other than subtle price leadership, which 
Stidil permit oligopolies mutual interdependence and account 
meme rgidity Of prices from list price schedules. The action 
and reaction of a few sellers in the market based on market 
Share was the first consideration of Kaysen and Turner in 
@eveloping a set of criteria concening Ene GOnaduce ai <a 
Soemecentrated oligopoly. 

Diewcenmanant kirm model of Collen, Cyert and 
Ferguson, °*° uses a basic assumption that the dominant firm 
Peeseteie price and allows the minor firms to sell all they 
Sieewtiat price? the dominant firms sell the rest. This 
model adequately describes the computer industry. 

im Figure 5, D D' is the market demand curve, SM is 
mene supply curve (and marginal cost curve) of the minor 
Piece 1s the mardinal Gost curve of the dominant firm. 
Pamaeprace Of OC the competitive fringe of firms supply CD, 
aime toeral demand CF, the dominant firm supplies DFat 


Bre yOG price; & is a point on the dominant firms’ demand 


ee e@onen ang Cyert, p. 241-243; Ferguson, C. E., Micro- 
Peamomue Theory. R. D. Irwin, 1961, p. 328-329. 
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DOMINANT THEORY OF THS TIRM MODaL 
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Sources Cohen, Kalman d. and Cyert, Richard M., 
Theory of the Firm: Resource Allocation in 
ee eee een? 

a Harket Economy, Prentice-Hall, 1965, ppedti- 
242. 








Fipure 5 
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Serves (C&G —~ DF). The marginal revenue curve, AT, for the 
Zeriaiiaeiiom inkersecctcs the marginal cost Curve at output 
Seana thus the price would be set at OC in Figure 5. 
PeouLenonis NOt proportionately representative of the 
computer industry, and indeed, little is known about the 
marginal cost and marginal revenues of the dominant firm. 
emm@a.dimize Long-run profits, the dominant firm could 
establish a price below OC, at the intersection of AT and 
MC, and by way of short-run price wars could drive any number 
meeomaller firms from the market. The dominant firm needs to 
know the industry demand curve, its own marginal costs and 
Meena le tevenues, and given that the smaller firms will 
eemaeeoemarginal cost and price, it can identify the supply 
curve (SM) of these dominated firms. To arrive at the demand 
P_oaeie COoMnminant firm, the procedure iS to set a particular 
miatec, Compute the amount of computation or computers which 
Miem—iTrier fhicrms would sell at that price, and subtract that 
amount from the total demand at Such assumed price. The 
total demand is seen to be OW where OW = OU t.OV. The amount 
Supplied by the smaller firms is CD. The AGEL hee explains 
how a dominant firm can determine the price which will maxi- 
mize its profits while allowing the smaller firms to sell 
all they wish at that price, by computing its own demand 
eveeeertc will not lower prices to eliminate its rivals 
beeausero® possible legal difficulties under antitrust laws. 
Tt could however, estimate a market share, and attendant 
output quantity, beyond which such legal action woul dake dy 


Sceume ang establish a pricing policy which operates within 
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StemecoMeatraint. tt would be more difficult perhaps to 
eeeeiiaewcuch a Ehreshhold of antitrust reaction by other 
merc OF On behalf cof the Justice Department. This relation- 
Ship between the dominant firm model, market shares, and the 
Peon OL LOrmer Justice Department attorneys will be examined 
mmmpene SeCLIiOn On public policy. 

Seueies have indicated that U. S. Steel with its 
Geminant 75% of the market in 1903. operated as the dominant 
meeeoge! indicated. But by 1920 it controlled only 50%; 
and in 1960 it averaged about 25%, but remained the price 
leader.~-~ 

Mee cmreadersita tSia divisible factor of the model; 
Me —oolmocdm@t firm presents a list price for a representative 
monciemOonr Nardware Configurations. The competitive fringe of 
melowers 15 noted to find itS price somewhat below the 
Meader but Ghe pricing prior to unbundling makes it very 
questionable as to the resultant value in services and pro- 
duct which could be obtained. Yet Schwartz and Heilborn 
carefully note that. IBM sold hardware only because of the 
1956 antitrust consent decree and used its dominance to 
establish an industry pricing behavior that is complex, yet 
Meas etavyored rental over purchase. The ratio of rental to 
purchase prices, negligible residual values at the end of 
the four or five year depreciation cycle, and a higher cost 
Of maintenance on purchased equipment, are cited as encour— 


aging a preponderance of leases. Since that report in LOGY 


i loonen and Cyert, p. 240-243. 
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feeceho. SchWartz' former status as GCOomeelaee, CCOnometctreician 
with IBM lends stature to his arguments), the growth of the 
used computer market could alter rer eesidual value concept 
Seeticiaently to favor purchase of more hardware than Dr. 
Schwartz envisioned. Yet he provided a behavioral inter- 
pretation to the dominant firm model in recognizing that the 
Spparent prace to the customer is regarded as a flexible 
price he can terminate. He further states that only when the 
Sempetition has taken the technological lead has IBM exer- 
cised its dominance, and outdated its equipment. This ones 
Seieieetracegy 1S seen to depend heavily on its ability to 
mnovate according to a pattern that is dependent on price 
dominance indirectly and overall market power directly. >! 
meee roOcucE. Strategy 

ieemaovliry Of soneueer NEM aSENLerS co introduce 
new equipment and apply technology to busSiness automation 
problems has been widely expressed in the literature. But 
pricing policies have been seen to be the silent controllers, 
Wire Product Strategy is the result of the Structure of the 
Beeimological incustry. And that structure has Deen seen gre 
i eoimiiibeantiy int luencea by the overwhelming market share 
Pees elecagder, » Ct market Share was found to also be ex- 
pireseeomlm EGrms Of the number or value of installed equip- 
iene mner Just Sales alone. Table TIT demonstrated that 
the differences in Shares between shipment values and in- 
stalled values differ only slightly. 


Sg eee pemiet bor, pp. 22-24, 
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One product strategy noted by Schwartz and Heilborn 
Was the slowing of the rate of innovation by teh Ss, leasing 
policy. Yet it was also acknowledged that IBM did not con- 
trol the initiation of new products and it had to react to 
the occasional introduction of an innovative hardware desion. 
Hes reaction was not in the price dominance, but a coeffici- 
eye Of lesser magnitude: reactive product strategy. The 
introduction of Control Data Corpcration's large computer 
and IBM's reaction has become an example of a communication 
Beeawao0wn in the interdependency of oligopolies. Their suit 
wilt be examined shortly.>!? 

The overall product strategy requires a considerabie 
Organization in the development and research to produce new 
items, but an equally great marketing and services function 
memimebnitaitn the differentiated strategy. Although Caves has 
Seoerved Of oligopolies, that product strategy is more likely 
mia Price Strategies to satisfy the requirements for inde-- 
Pemeeve action, that an initial move will not be met by 
fives, the Computer industry again has been seen to not 
follow some of these basic characteristics of piigoee cae 

Mae strategic importance of generations and model 
changes scale economies in the computer industry depends 


meon 2 Special interaction of technology, constant growth 


@emuseces applications, and the industry's institutions. 


= midekiang DBM," Time, December 20, 1968, p. 77, 


hereafter cited as "Tackling". 


ee Caves. p. 49. 
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scherer and Lanzillotti and others have noted these special 
considerations in the auto industry with annual style changes. 
This product strategy was previously discussed in the 
Peerton On Market Structure, as having evolved historically 
Peewecne Capital intenSive production, and maintained by a 
mejieedolLtal requirement to finance the rental of a very costly 
Peequer:. Thus this strategy has been found to weigh very 
heavily on the need for large research and development expendi- 
tures by the hardware manufacturers. IBM was reported to have 
expended ketween $10 and $15 million in attempt to develop a 
Sempurter technology based on cryogenics (low resistance 
behavior cf certain metals at absolute zero); the effort was 
eee pea im 1961 as System 360 planning and technology develop- 
fememmovea into central concern. Thus, not all expenditures 
result in a production line technology. A strategy of con- 
Pee@emeeccinological development has required the very best in 
Soemniecretngwenad SCLONtCIFIC talént. For example, in 1965 IBM 
hired Eugene Fubini directly as a group vice-president (from 
pileengineering deputy level in research in the Defense Depart- 
ment). A large talent search is part of all manufacturer's 
product strategy and considerable rewards await useful con- 
Eriobution. it is thus seen that the research and development 
Peasrermom producer: Strategy includes a costly personnel input 2° 
The emphasis of product strategy apparently cannot be 
Girectly determined from the literature because of the absence 
Smeapecifie Cost data. Et is nonetheless estimated that 


independent peripheral manufacturers have expended 10% of 


rise , BReeky «pe 139. 


their sales dollar toward product xesearch. In 1961 Control 
Data spent. $2.6 million (6.3% of sales) on research and 
eevetopment while IBM spent an estimated $100 million. 

Product strategy in market conduct has been seen tc 
favor leasing, with complex price schedules that frequently 
Pemeelo  OVerT dozens Of pages in itemizing the many contri- 
Biewons Of Specific hardware, memory sizes, peripheral con- 
Mmaeerets, and related components. The separate pricing for 
Some services following unbundling has presented a cost dis- 
advantage to some of wie eee firms, especially noted | 
eaeecee introduction of the IBM System 370 computers and 
Mmfemrclaced new price schedule. 2° Coueceeuecic ly tie) NarcuLe 
SememesDLOducCE With its necessary related Services requires 
Miteniabaware manulLacturers adopt a@ product strategy, and 
Peewee s strategy which together, present the most attractive 
Semoiiaction in the market. 

Piresmeeca BO Maintain product compatibility, that 1S, 
among main central processors and a wide variety of peripheral 
equipment, was discussed as an essential consideration to 
Pesreuentitatrton. | Lt 1S particularly important to the smallicr 
Manufacturers which do not produce complete lines of hardware, 
particularly central processors, and therefore must address 
their products to existing markets in a dependent manner. 
Peomeavency, who is president of the Computer Peripheral 
Manufacturers' Association, representing some of the smaller, 


independent peripheral manufacturers, recently stated that 


316craughlin, eee. 6) Ee 
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fs cCOMPONent Compatibility would be facilitated by effective 
meancards for mechanical and electrical interfaces. EDP 
Weekly, which reported Caveney's comments, also noted that 
Pmeeomcceq(uentiy difficult to obtain specific technical 
PieotmactiOn Concerning IBM systems, omlece IBM "has chosen 
ioe e Lease Lem ee 
PIorrek example Of product Strategy reached the busy 
peeenern District of New York court on April 21, 1970 when 
MemeeeerenlLered a patent infringement Suit against IBM who hed 
Seemeead tO market a Competing copier, following Xerox' entry 
Mreorcompulter manufacturing by way of nergiene = The com- 
[MPetererte>s OL the patents extend back to 1951] and 1955 when 
IBM received licences under Xerox (Haloid) patents which 
meemeeten Lechnical Knowledge to a special photocopy process. 
MememeecolGw stracegy and legal tactics are not only linked 
in these details, but some additional uses of that photo- 
Sey tno process in Output devices iS currently under study, 
Meee serong potential market for copying output devices. 
whe more obvious strategy is more in the tactics of each of 
Piesewoianes Stepping into one another's Mere eoundanie 
The conduct is clear: IBM was willing to wait for the 
Paeemus tzOrlun, Naving paid nothing in royaities which were 
Saeed to be 27% of any resulting net selling price. 
317 Epp Peemew vol. LL, Ne. 25, October 5, 1970, p. 9. 
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Product strategy has been seen to include a careful 
application of technology to produce new hardware designs 
Pieel Gemonstrate improved performance and which are sur- 
memm@ced with all the essential services which the market 
medites- However, the strategy in relation to the dominart 
meemeias been seen to follow the leadership in new product 
Serouncements. After the IBM 370 announcements (prior to 
370/45), RCA aimed Poo Mev miinceate tine IBM iS60s and 370s and 
Peebharca tiem €O be equivalent products at a more advantageous 
le tCLng arrangement.~~” | 

Maine idea strnacenoaepencence among flrmS 1S not, 
Seema gepby the competitive conduct, expecially cooperative 
Meese tecoeany Indicated collusion. Product strategy 
determines price behavior and depends on the full range of 
poly elements outlined in the Supply section of basic con- 
Smeereonsc- tc 1s seen to be highly interactive among firms, 
(eeeleelear and Girect leadership of the type engendered by 
the umbreila effect. Once IBM has announced a new line, a 
technologically oriented CCraaniehes@ccirs LO present ~equally= 
Seale pe put Gitterent (better)" products and related services. 

3. Research and Innovation 

The rapid growth of the computer industry has required 
eerie pp lication Cf Lhe resources; the technology at its 
disposal at any time was seen to also be advancing at a rapid 
rate. Such continual innovation has not been uncriticized, 


se mantages, "RCA's New Line," p. 30-31. 
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Mieometewebectature has met Cach innovation announcement with 
Pie veeentiat SUGGESE market-Share maintenance, or forced 
Peee@eceewee LO amortize Existing development costs. 

hKesceatcm and Innovation, however, are part of a 
Gentinuocus process the accumulation of which cannot be dis-~ 
pensed as rapidly as new drug procucts nor marketed without 
gue concern for the existing hardware in the hands of users 
M@emene resultant need for compatibility with the systems 
eMmemsOLtWware necessary for a Successful application. Such 
Pemevet 25 CSpecially important to a manufacturing group 
Mime prerers to rent to its customers and thus has to pre~- 
peeewrbealisctically against terminetion for cause. 

Peecearch and innovation are thus impor rant. CO: tie 
HiemenOlweie Litm and it 18 a two-way cause. The results 
MeeetaceeLnrOrt at any discrete point along the development 
Peeecescs Mist, be (1) a new guality product needed by the 
user, ano (2) one that works well, competitively. Not all 
feeicoe lave USeQ rescarch to innovate; followers are prone to 
apply research in product devclopment which essentially 
emulated the dominant leader. A recent discussion of the 
Sep@etaienwerLore Of peripheral manufacturers to maintain 
"“plug-to-plug compatibility" with main frame hardware pro- 
ducers while offering an advantageous product, places this 
form of technology in the pertormance race in the factors 
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memeeceeca time, reliability, maintainability, and price. 


220 prost, Cecil R., "IBM Plug-to-Plug Peripheral Devices," 
ieimeamecion, October 15, 1970, p. 24-34. 
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Peeves eseech co expend SIO to $15 million on a tech- 
nology which did not result in a product. Dr. Hamid found 
eee uLvey that manufacturers allocate about nine per cent of 
their total cost to research and development. He also 
meeereea thie results of a Stanford Research Institute study of 
80 firms which were considered high investors in research and 
development and it determined that 7.2% of sales was so 
ppeliocated. ~~ 

Veativedo NOt have the resources to attempt to advance 
fmfemolatle OL the Ace im peripheral design. So there is a 
piteee hla GLrect in research that invariably relates to capital 
intensiveness, that the large firms lead in basic research and 
fmmoeveloonental research, while smaller manufacturers can 
Peete nobly on tie development and research level that pro- 
duces like products. | 

Be eis readily acknowledged that the above observation 
See ocecercn unorella effect in the computer industry does not 
follow some of the results of previous studies examined in 
Emessectton Of basic conditions. Scherer's separate study 
Gee bien otzZe, Market Structure, Opportunity, and” Che OucpuL 
GemPatentea Inventions’, concluded that the evidence is to 
ERem@cniLiary. | Corporate bigness was found to not favor in- 
ventive output when testing the concentration of sales, R and 
D employment, and the number of patents in an industry sample 


OLrasoZ eiune 2 


ee chee 19-120. 
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tecwumorelfa effect of the dominant firm in the con- 
puter incustry over sales and innovation is perhaps a result 
Seinore tactors than Scherer had tested, although his study 
MeeaylY5> Gata and 1959 patent information which would 
ieeerlbe a very Carly period of computer industry growth. 
It is not. known whether sufficient data were available to 
have included the computer industry in his study. Nonethe- 
feos, One additional factor in the computer industry is the 
high degree of specialization reported earlier from the Con- 
Bemenatton Ratio report of the Department of Commerce... This 
Specialization also requires the firms in the industry to 
Peeeeiecaivy amounts OL Capital to compete in the development 
PMemOLOoduction Of their primary products. Reports for the 
Pourth Generation's innovations do not Support a conclusicn 
Peat tne Leading firms were not proportionately represented 
MmameeOoguUets Which required Significant applications of re- 
Pease and development capital. Fourth generation hardware 
Pepooee would also indicate that the industry leaders are 
Poweeemeecemtea im Key innovations. Finally, one patent 
fOr a transistor or Similar key component, would have to be 
weighted more heavily than several hundred for vacuum tubes 
Seegctea desiqns. The early stages of growth of the industry 
and its technology could be responsible for this apparent 
continuance of the umbrella of research and innovation. 
Smaller firms will be prone to build compatible hardware 
and peripheral equipment which can assure them of some share 


Otwene market. 
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iio vovlng gerbera fOr This research and innovation, 
anticipated at some point along a very long industry growth 
curve by Schwartz and Heilborn, may actually be taking place 
Peeercdrng tO One definition. The trend toward the fourth . 
generation merging of logics, systems and devices into over- 
lapping technologies, was observec in a technical report by 
eee oO. Walter and A. B. Walter, published recently. >*> 
This merging effect does not necessarily reduce or simplify 
innovation in hardware design, but its effect has helped to 
define conputer generations, as Pecseneed yin, Pigure 6. 

Teretncomauer Of Ehe Fourth generation innovation 
Memeumcemencs appears to have continued the tactics and 
eee egiCs presented in product ard pricing observation. 
IBM announced two models of the new 370 line on June 30, 
1970 and on September 15, RCA anncunced its response to the 
new line with various cost comparisons provided by the pro- 
fessional journalists. One week later NCR also announced 
that a new family of hardware was to be offered. On 
October aS, 1970 Burroughs unveiled its new family, and 
offered to replace about 200 B5500 and 6500 systems which 
Ja mele to oy sOuULdacCed, without installation fees. IBM then 
began releasing information on its 370/145 which demonstrated 
the first semiconductor memory breakthrough, and the fourth 


generation announcements of innovation have now moved into 


Saeerucnberger, Fred, ed., Fourth Generation Computers: 


Weerommequirements and Transition, Prentice Hall, 1970, 
p. 12-18. 
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MERGING OF HARDYARE DISCIFLINES 


COMFUTER HARDWARE EVCLUPION 
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MmfemororesoloOnal, hard-Ssell marketing of the industry.~-" 


That tradition iS more marked by the effective marketing 
SeganitZacion than by any particular tactics. 
ower cilcing 

Penertederalble winsight into the nature of computer 
Paigustry advertising techniques and objectives have now 
been found in the policies and strategies of research, 
MeemmOolLocy, announcements of new lines, product differ- 
entiation and pricing complexities. The advertising of 
Pemeutrers 1S perhaps no different than many industrial. 
Mmeeguces, Nowever it also parallejls the professional 
Srleteonet , PrOoressional Sales-engimeer relationship of drug 
fTemueactuce ahd phySicians. The approach, or strategy, 
wmeauires direct, detailed account of the effectiveness of 
MieeeGitoeOrterea tO Ehe responsibie user. Although the 
Se(Purer ManiLacturer cannot deliver the free samples as 
Mass oeen customary of the pharmaceutical industry, it none- 
theless caters to itsS existing customers (and probably knows 
more about the needs and growth of Such customer than any 
other professional advertising and marketing organization) ; 
announcement of hardware is occaSionally accomplished at 
demonstration meetings. 

IBM's announcement of the System 360 family pushed 


mqewCenecepe Of tailoring a syStem to £it a broad range of 


oeonnedel, SCoeLer ee eurtouchis Thiva Maker in ‘70 to 
Unveil New Computer 'Family'; Sees Sales Surge", The 
Wweeciteeet weurnal, October 7, 1970, p-. 30 hereafter 
cited as "Burroughs New Family"; and "News Scene: Bur- 
roughs' New Series: December (70) Delivery", Datamat von, 


November 15, 1970, p. 123-124; Pantages, "RCA's New Line”, 
p. 30; EDP Weekly, October 5, 1970, p. 2, 7. 
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Heeceweettewas Simultaneously announced at IBM's offices in 
foo UU. o. Clties and 80 foreign countries. 

CeuieweeoOrlis OL proressional journal advertising are 
Seecicially designed to establish a communications link 
through an elaborate "reader inteiveSt card" system with 
Pech Several periodicals participate. The levels of 
MeePOlse and reply are designed to identify the current 
Mieerest SO that a local representative can be designated. 

Pa -worcer-celivery system £0und to be inherent in 
the market structure, also Abeeere atic COnauct, of edver- 
tising tc emphasize the output of hardware and related 
Bepteaqececi istics as they apply to a potential cuStomer's 
meguirementS. Delivery time and price remain vague or in 
the background. Once the user becomes a customer it is 
@eservea Ehat a very close relationship is maintained and 
ae Octo sOmsaCVeCLELOING Shitt EO the customer services 
Mm POomsiiLitty EO maintain the customer's satisfaction 
Wiebe aacded COMpPONnentSs Or Upgrading becomes a possibility. 
fPeouenetutuec time a new form of advertising can be 
applied in the form of a tailored approach based upon past 
Peete nmcerana projected requirements. The incumbent con- 
PEderOcnOLManuracturer 1S at E~Ehat point in a strong position 
to dominante, depending upon the degree of service involvement 
Simeie wpast. New advertiSing at this stage is carried on by 
Specialists of the marketing organization variably categor- 


ized among the systems analysts and customer engineers. 
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Sepeeegal Tactics 

he@aleacelons witeca have involved the large computer 
manufacttrers have been somewhat limited in scope and in 
number. The dominant firm has generally been on the de- 
mt ivesecgailst Various charges of monopoly, monopolizing 
and in unfair pricing policies. These matters will be 
meeewsesea more fully in a concluding section on public 
melicy. 

OMewrecent Sulit involving IBM and the Greyhound 
meieucer COLDOLration indicated the market conduct impli- 
Saerens. Concerning IBM'S unbundling policy, Greyhound 
contends it was: 

Seemececroncad. LO permit IBM to extract higher 
Paeetis Dec cluge EGhtry into the computer software industry 
by use of low-cost pricing for such unbundled services; arid 
Sestroy tne leasing industry, which will not be able to 
recover the original price (of leased equipment) at the 
lower (IBM) lease ois ee Ue 

Uteectrenturtiier Comeended Ehat 1€ was not possible 
Pemecempete with EBM because of these a precnent = of prices, 
services and depreciation policies. 

Market conduct in the computer industry has been seen 
PemGeeheeEstEne Olicopolistic Structure featuring the dominant 
firm model. The degree of dominance is such that pricing 
Pewenerweomeonsturucted as part of a full range of services 


= 
oar ie oh vole tt No. 25, October 5, 1970, p. oO. 
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PuProunadmg a complex array or family of computers and 
Pyoeetmon !ne product Strategy permits the technology to be 
employed to maintain the high capital employed in its pro- 
Peto cna Marketing through timed generation cycles 
mB eecschitaing Gepreciation estimates of capital value. ‘The 
full life value has been challenged by recent developments 
Bimene used computer market, which was, no doubt, of no 
aed eoulL price to the dominant fizm which met this challenge 
with unbundled prices for software and services which will 
Petiitetti to Share in this new maxket extension. The -timing 
Seemeiese events Suggest alertness and ability to react 
Mealy in Product and market Strategy on the part of the 
G@ominant firm. The result iS Seen to Support a progressive 
Pease win advertising and marketing techniques. The absence 
Meme eecOLve CONCUCLE LS In pare, displayed by a defensive 
Perec mreadceres policy, descriptive of the dominant firm 
Meave@cnce Which does not require Such tactics in the short 
Mie otore run product Strategy is PAieaiated jEOP cia Sle ihlers 
essential revenues to maintain market share dominance. AS 
Caves and Bain have found, coercive conduct is sometimes 
Povmemeo oe necessary tO Maintain high barriers to entry, 
which results from high Pencenecaeens —— Such reoncueus ae 
Meeeeoumcnte be part Of Ene market Structure. 

The reason for concern about market conduct is not 
just to Pe eenie the nature and effect Gtoeie  Serucreulre 


eee p. 52-54. 


Lays 


WOtmiEQ Cosecrvye whether Supply begets demand, or the reverse. 
H@emecOnecert 15, to the economist, whether scarce resources 
Peewarllocavea Without restrictions by an industry's behavior 
Pee evOuo mints Concern, 1S more obviously vital perhaps 
in consumer goods' industries, the products of which more 
epEectiy require a consumer to release cash. The process is 
more indirect in analyses of durac.le goods which are essen- 
Zee velidusttial OLOGdUCTS. Rigli computer prices to a 
uSing manufacturer of a consumer product, are nonetheless, 
passed on to the consumer who buys the highest priced Stator 
Pete etic 17 part, to the multitude of taxpayers who share 
Mieco tax burdens reflected in investment tax credits 
nme buSsLnessS Cxpenses of any number of intermediary estab- 
Mmeemmenes. —Tnerefore, a study of even so limited a product 


fie scatbemot £O CCuate Structure and conduct to performance. 


D. PERFORMANCE 
Review of market performance in an industry seeks to 
Sveuacecwiow well, or how efficiently, the scarce factors 
Si production have been employed to yield the optimum real 
income. In that process, full employment is a measure of 
ference tale Capacity and progress is a qualitative 
measure of the improvement of factors, output guality 
levels, and techniques, and finally, as Richard Caves has 
Gerinead this purpose: | 
LOuUpeecaGonomy should be Peale, Gtsert our Lig shes 
real output among its members to provide for their essential 
needs and reasonable exvectations as well as rewarding their 


mroductive efforts." 


Iie 


The task of performance is to evaluate the economic 
Pitre rence between actual performance and some optimum 
meet ole contribution of an industry's market behavior. 
Peeweant appralSal is the goal of public policy. 

Pele oiuet1on and Allocative Efficiency 

Pome leomGy aime tne CONkexX: Of CcOnomic performance 
Geenormaliy evaluated according to profit levels in com- 
parison with other industries, expenditures such as adver- 
meeanog and Sales promotion, and the resultant effect in 
extending market power without op niate Dprecduerron 
MuerOoveMent, Or general progress. 

MpeaialvalemOon protits 15 not only made difficult 
from the absence of statistics in the industry which would 
Pee niiivemeasec it possible to determine true profit levels, 
PMi@intite praccice Of leasing directly from a manufacturer t:o 
pmicer ana the deferred income effect, over no specific, 
identifiable time period with a host of related services 
SmampLOrita theretrom, Combine to make Such exact figures 
Ou questionable Value to the purpose of performance evalu- 
Melons come indication will be found in the financial data 
Meludine nee imeome, of the same leading ten firms which 
were used to develop market Share positions in Table IIf. 
Rute rinanecial information is presented in Table XVI for 
1969 data. No attempt has been made to evaluate the com- 
puter eee oe Pies McawtorecOLmporat1 Ons, however, .1t was 
noted earlier that several were not yet making profits in 
their computer divisions. General Electric apparently 


never has made any profit. Roy Macdonald, president api 
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Burroughs, indicated in the October 1970 announcements that 
mes Gata processing division has been profitable since mid- 
mos and iS continuing to grow in profitability. "°7/ 
fieeeoWea ce sO wot cheese profit indicators with 
eae ittlie measure of expected profit performance has 
@eveloped in the industry, Table XVII has been prepared 
Beet, ©. Bain’s Classic study of concentration, height 
barrier to entry and average profit rates. Caves commented 
Siero Gadta, that cither high concentration or high barrier 
Mememtry in an industry tends BOwpLoduce a high profit rate. 
Pitesti giy rate 1S in turn an indication that the industry 
Semiains too few factors of prcatGienhe - 

Piewgduesct lon ©f Concentration has been raised in 
basic conditions, and the market share of each of the 
Peoomig ten Manufacturers in Table ITII. Further data from 
Pee Jo/ Census of Manufacturers on concentration ranked the 


leading firms as follows: 


Value Added by Manufacture (SIC 3573) 


Per cent accounted for by -- 


‘erga ib 4 8 20 50 T@ Gace 
(million largest largest largest largest firms 
dollars) companies Comoe le. companies Seompanites 

ozo. 4 66 si) 92 20 134 


Another common representation of concentration ratios 


ee meomenZz eur vyerand 1nS Gini coefficient. It represents 


at conmedel) "Burroughs New Family," p. 30. 
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Level of Seller Heignt of Parriers to Entry 
Concentration hieh Medium Low 
1. fiverage profit for the years 1936-15h0 ~~ 

High 19,0 Gee 1S 

Low See 7.0 5.3 
2. Average profit rates for the years 1647-1951 

High Le. 0 dis 15.4 

Low wee ee aD oe. 


* Hieh concentration indicates that the largest € scllers durins: the period in 


@eesv.ON controlled (© per cent or more of sates by the industry; lov 
concentravion indicates that the top ¢ controlled less than 7U per cent. 


pource: Rain, Joe S., Parriers to lew Competition, Harvard University 
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Press, 16564, Cnoaober 7. ag PeDlished in Caves. Richard, 
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funori.can. Ug een Conduct, Pertormance, 
Phare tanta é a o Riaae ease ae Fy SR Se a a ra Saas 
Prentice-nall, 1967, p. ae 
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Srapmicaily the dispersion accounted for by any number of firms 
Peeecosing a greater market Share than any of the remainder; 
equality would be represented by the diagonal, sometimes 
fees teed tO as the diagonal of equal distribution. It has 
acknowledged drawbacks which occur in large numbers of firms 
many Of which possess very small percentages and yet occupy 
SmeenuLrvalent Linear ranking by this method. Figure 7 is 
mememo@bei., Curve for the computer industry based on 1969 data 
mamesole ff and its ten firms; the use of an eleventh cate- 
feeyetOr the remainder was applied to reduce the undesirable 
Mefteet Or Many firms. That such did not essentially alter 
Peewpictu-e unreasonably was tested by uSing data for all 
134 firms assigning 124 firms a 1/124 per cent of the remain- 
MiGemmnalstry Output value. That result 1S presented in 
Rioure &. 

Wie measure Of GiSpersion, the Gini coefficients, 
were Calculated as Foleo ae 

oun ©Gf tChevwarecas DeoloyweEnec LOrenzZ Curve: 


10 firms ~ 1554 





eae ras TO 3..96 
PoeeArea Of Concentration: 
(000s 1554) POSELYMSa = S446 
(5000-103.96) io4erarms 4696.04 
Seat COCt EL CTent-: 
, Seo Ou 
10 firms 5000 .689 
Ee So 
fs4-f7ums 5000 Ooy, 


once, EB, M., Chapter 13; see also Scherer, p. 50-52. 
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In addition, the Gini coefficient was calculated for 
ieotalleda equipment values for 1969 data, also Shown in Tabie 
ie lt Was found to be .6924, closely approximating the 
Shipment values. 

The Herfindahl index is preferred by Scherer and 
Correlates highly with concentration ratios from the Depart- 
Ment Of Commerce statistics, and the four-firm concentration 
ratio (sales to industry sales). Scherer finally notes that 
me all Correlate well to indicate a measure of concentration. 
Wiewrour—firm concentration ratio for the computer industry 
uSing the 1969 shipment values and firms was found to be 
Weeeo. 11; Honeywell and GE had been combined that ratio 
would have been 0.867. Bain's study of a different period 
@reiwenty industries resulted in a four-firm 1947 concen- 
mefeton ratio of .61 for a select group o£ concentrated 
industries, and .41 for all industries. 

Paehiongh me reliable data coule se found coneernang 
mime expenditures for advertising and promotion of computer 
Pieeets, 1t would not appear to differ abnormally from 
Sper industries which deal in industrial products. 

were ee Ouress 
THeweonpulLer Industry was foula ee edittter an the 
apparent innovative trend, even among the largest firms. 
The rather open-entry software industry has served to keep 
some pressure on developmental systems. Inventiveness or 
innovation iS not necessarily interchangeable with progress 
mor patents. The computer generation eyele seems to pro- 


vide a research tempo requirement that even motivated the 
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dominant firm. While this varies with findings of Caves, 
Seqercr, Schumpeter and Stigler, it could be explained in 
Pact by the early growth of computer Lecomelogye suggested 

by Schwartz and Heilborn. The basic research being pursued 
by IBM, Burroughs, RCA, Control Data, Univac and Honeywell 
would indicate large firms with the capability are heavily 
Smgaged in technology which is finding itS way into products, 
Been tf patents would not so indicate. 

Important discoveries which were previously listed 
immemory technology have punctuated hardware generations. 
Zoe bo back On monolithic Ccircult chips at the outset of 
the System 360; this may be an excellent example of where the 
Pek SLOPS under heavy pressure of Watson's design engineer. 
[Peeonciness Manager par excellence Presi srcedmEeme precsune OF 
the scientist, to meet a more probable delivery schedule. In 
eim@e analysis of progress it 1S acknowledged that had IBM 
emectea the monolithic circuits and failed, no advance would 
have reacked the market place that April 7, 1964. 

CeeenoulLey 

Tacscastribution of Tneome isbecause 5: the computer 
industry's high salary levels and impetus and reward system 
@emecelTentitic personnel cannot be Considered Gut of balance 
wee the crest of industry. The total industry employment is 
very small leading to income concentration aS a promised 
mewerd LOr skilled performance. Te wunNereria  ebecet stor sri 
remaining firms could be viewed as equitable among various 
firms; yet the reports of the past ten years indicate inflated 
salary levels of relatively short duration could be an example 


of personnel waste. 
AS) 


4. Full Employment 


NEMerWe Statistics are available, yet the computer 
industry is said to have reasonably good resistance to 
economic downturn, largely because of the personnel policies 
of the dominant firm. RCA's recent announcement of hardware 
indicated an expansion of 2000 employees in Marlboro, 
Massachusetts, at a time when unemployment in U. S.industries 
recently surpassed 5.8% (December 4, 1970). The Department. of 
Memmnerce, Annual Survey of 1968 conpared total employee 
megures which revealed approximately an 8% increase in-employ- 
ment in the computer industry. In short, to date the perfor- 
mance of the computer industry has been to maintain more 
mecole employment than other U. S. firms in general. 

Pee linaey On tie MarkeCteeeeiCelre scOnaucte, and per-— 
meemance Confirm that good ideas are marketable commodities 
aS envisioned in the minds of the flamers of the U. S. Con- 
Beet ron WO provided for the protection of inventions in 
tne U. S. patent system. Computer manufacturers have evolved 
mimoameinaustry that. began aS a Scientific experiment and 
mocdy tas provided equipment to more than 50,000 organizations 
meee riington) to assist in the production of America’s 
goods and services. The standard of living improvement has 
continued to rise as a measure of all industry's contributions. 
iemeemputcer 1S to be found in the improvement of the use of 
Seapece resources, and to speed the progress of other scienti- 
miewane business research. 

Business together with the services' industry have 


developed applications which are more effective than earlier 
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Seeemors Of the 1960°s. State and local governments have 
also found diverse computer applications to ease growing 
Meee and Snvironment control problems. The performance of 
Miehicioltry 1s NOt Just the performance of the leader: IBM. 
Memy ©irms have participated in the technological advances. 
Memos e £OrGign Competition has heen able to yet master 
Mmem—reeinOlLogy Capital and marketing capability of the 
Pmerkcan firms, although some will surely attempt the dup- 
imeachron of technology. 

Tie there 1S strong indication. that the market 
BeeuectuLre inherently provides an opportunity for future 
ferealiocation of resources. Hich entry requirements and 
Pema CONnCentration aré indicated, but capital intensity 
emeears to be essential to the effective early technology 


and hardware development. 


187 


IV. GOVERNMENT R=SGULATION 


tie seLevilous Section Gxamined supply and demand, the 
structure, conduct, and performance of the computer indus- 
Pewea> they are determined by the natural producer/consumer 
interaction known as the market mechanism. As long as this 
market mechanism functions smoothly and serves the best 
interests of the consumer, it acts as the sole determinant 
Of the cheracteristics of the industry. However, when the 
market processes go astray, some sort of governmental regu- 
latory policy is generally applied. Governmental interven- 
Peon Can take many forms, ranging from moral suasion and 
the glare cf publicity to public ownerShip. The main weapon 
used, in attempting to harmonize the profit-seeking motives 
O£ private companies with the public interest, has been the 
“weorccement OF antitrust policy. 

mitetegiiot policy in the Ulsec. has ats basis in three 
magni icant Statutes - the Sherman Act of 1890, the Clayton 
Act of 1914, and the Feaeral Trade Commission Act Gres Le. 
mem vecyecencral terms, the Sherman Act outlawed acts of 
(emeoomi zing, the Clayton ACt prohibited acts tending to 
Pest oan the growth of a monopoly, and the FTC Act banned 
Wineaii Competition. 

pe-citically, Section lb G2 the Sherman Act prohibits 
@emieracts, Combinations, anc conspiracies in restraint of 


meade or commerce. Section 2 prohibits monopolization, 


Lee 


eee FO mOnOpolize, and combinations or conspiracies to 
monopolize trade or commerce. — 
tice layton ACt attempted to close the loopholes in the 
pvetmam Act, and terminate the growth of monopoly in its 
Peilest stages. The following practices were declared un- 
lawful when the effect was to substantially lesson competi- 
MmeomeOr Create tendencies toward monopolies: (1) price 
Giscriminetion, (2) tying clauses and exclusive dealing 
memangements, (3) acquisition of stock in competing companies, 
emer (4) interlocking ee ee among competing uate 
iiemeecdctcal Trace Commissiom Act established five full 
time commissioners with gquaSi-judicial power, and among 
Seg@ene tiings, outlawed unfair methods of competition. How- 
Beet ert to the Commission the problem of defining what 
eee  Unitaixr methods. “= 
PEenoug@ these three acts form the nucleus of U. S. 
Gemerusi policy, the implementation of the law through the 
Pemwes Mes been greatly affected by the interpretation of the 
Seueto | DeCiSions have tended to indicate that market dom- 
iMmmMcommtccl: 15 Grounds £Or antitrust action. “Restraint 
Geptrage has been interpreted as “unreasonable” restraint 
of trade, with the term "unreasonable" not defined. Monopoly 
power has been adjudged to be “power or ability to fix prices 
[iMemineaticcot or exclude Competition from ...," but no simple 
definition of “market" and no means of measuring monopoly 
power (percentage of market control) have been provided.?>> 
Ope er. p. 424-425. 
cil 
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MiemweceloMontakecn against firms found guilty of antitrust 
PeolmatlOns take many forms. The intent of the actions is 
emenet tO 1nhibit or prohibit Se eee me uncce! rable business 
Sem@eucty or to channel and shape the market structure along 
Semeetn2eiye lines so that desirable conduct and performance 
Weeecmergje automatically. Since there are no standard 
PeWerbeLesS atl antitrust cases, firms can never be sure of 
iteeaction will be taken if they pursue certain (illegal) 


aAeeavyitLles. 


See REV LOUS ANTITRUST ACTIONS 
Pomictemecel POlNteCa OUE repeatedly in the study thus far, 
eeweas tie COmMinant firm first in the tabulating machine 
MiemoeGy and then in the computer manufacturing industry. 
Not Surprisingly, the Justice Department, as well as com- 
(ONE ete manufacturers, have shown a continuing neeeant aba 
LBM's busSiness practices and its share of the market. 
oe W936 Conviction 
In 1932, the United States filed an antitrust suit 
against IBM and Remington Rand, Inc., charging that they 
had unreasonably restrained and monopolized interstate trade 
P(Wemeennenree et Violation Of the Sherman and Clayton Acts. 
The federal government charged that: (1) IBM and 
Remington Rana had entered into an agreement to sell punched 
Gauges: Only LO lessees Of ENGlr Gare Handling equipment, and 
HMe@eercOlle lt busimess for cards from any user of the other 
Paiaey ommachanes, (2) both parties would not sell their 


machines, but would only lease them,and (3) the lease contract 


NENG. 


Bequirea that the punched cards used in the machines be 
Ereetascd exclusively from the lessor (tying clause), or 
that additional rental be paid for the machines.-°* These 
peeowecOMoLILULeCC restraint of trade, and had resulted in the 
formation of a monopoly. IBM and Remington Rand owned sub-- 
eeameraltiy all of the card processing machines used in the 
United States. IBM alone had under lease 85.7% of the tab 
feemunes, S6.1% of the sorting machines and 81.6% of all 
munehes . 

The case came to trial in 1934. By then, the IBM/ 
Pememgton Rand agreement had been terminated, and that chazcge 
Pelemeencrerore cancelled by stipulation. Remington Rand 
chose not to enter the proceedings: and agreed to consent to 
@@ewrtnalng against IBM. At the trial, LBM argued that its 
Pioseence On the use of EBM cards constituted a reasonable 
meieeol, that Ghiy LEMmeouLeamaniiactcume Cards meeting 
meet teceta Ons, and that defects in cards would lead to bad 
Persormance, increased maintenance and loss of customer 
"goodwill".°°> ii pave ncaseom ively ings tying clauses ’ 
Smee welavyton Act, the court had been willing to consider 
Suep extenuating aticaunemenceas. 2° The issue in this in- 
stance, however, was whether competition had been see ee 
Miva tesconea, Lhe facts indicated that except for IBM 
and Remington Rand, where the situation had been mutually 
334, oagers, pete oO anc Neale wa. D., the Antitrust Laws 


SeetiewlUnited States, Cambridge at the University Press, 
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33° Rodgers, pee Oe cna Neale, pp.) 207-200. 
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stabilized, there was none (competition). The court returned 
Beer naing Of poiiye 
In the appeal before the Supreme Court in 1936, the 
decision was affirmed. IBM argued that since the condition 
Beptaimned in the leases did not extend beyond the monopoly 
acquired by patents, the leases were lawful. The court 
pointed out that the Clayton Act made tying clauses unlawftl 
whether the machine involved was patented or unpatented. The 
Peeeore NOL purport to deny patent protection, but it did 


eo Regarding the 


prohibit t:he benefit of a Evi ne@Ccondi CiOn. 
contention that tying clauses were necessary to protect 
“goodwill”, the court noted that others, namely the federal. 
Meee nment , Ve eemeneca Ole OL ManuractuLring Suitable cards at 
Seoecatitially less cost than the price charges by rpm. °°° 

IBM was required to discontinue the required use ox 
itS Own cards, but was allowed to require the cards to meet 
Minimum standards. It was further permitted to continue its 
lease-only sole] 

miemwewmcome proved to be a hollow victory for the 
Justice Department. IBM prescribed Scene stringent stand- 
ards for cards used in its machines, and since it held the 
Paecemaa Om tne Superior automatic rotary card press, no 


ieee 341 
Sugeewcompany could produce Cards to meet its specifications. 
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2. The 1956 Decree 

In 1947, the Justice Department began a new inves- 
Maelo, tiie tlne in an effort zo GCliminate the lease-only 
policy, end make the card press patents available to other 
companies. >? ities so ot eeCrmriaee Years OL Investigation, 
mee Juseice Officials made it known they would be willing 
Mmmaeceemt ean [BM agreement to license its patents for 
me oomamle Charges. IBM refused and the investigation 
Pepe inued.° 

Pew civileanetecuse SuLt was filed by the Justice 
Peeerement On January 21, 1952, charging that IBM had vio- 
Precmocctlons 1 and 2 of the Sherman Act by ettempting to 
femme Olize ang monopolizing interstate trade and commerce 
in the tabulating wets The complaint alleged that. 
Meteawas tie Largest tabulating machine manufacturer in the 
worla, that it owned more than 9C% of all the tabulating 
Meeiines in the U. S., and that it manufactured and sold 
MeweuinJ70, Of alll the tabulating cards sold in the U. Sees 


iiemeve iment Charged that the heart of IBM's domination 


Visweeeomoatent Pool of Several thousand essential patents 


gn the tabulating machine and related fields. Further, 
pe odaaeS), Peale Zi]. 
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Dao ebincernatitonal Business Machine Corporation, 
GaeleieGrtron No. 69 CIV. 200 filed January 14, 1969, in 
Piece ahestrict: Court for the Southern District of 
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feemocwlrgeq the lessee of its equipment to take a package 
MierucdIne TnStruction, repair, and service by IBM.~7*° 

Pvemeatcerstrlang Sait, a Continuing attempt was 
Pee meemectele OUl OL GCOourtE through the formal process of 
a consent. decree. A consent decree leaves unresolved the 
eiestion of guilt or innocence, but its terms are binding 
eieenapp.oved by a federal court. Although IBM was re- 
Beuredaly spending $3 million per year in preparation of its 
defense, it opposed the out-of-court proceeding. >"! 

Poe ating ya Silt tee case Wassberng fought in “the 
MUteeo, cit Lhis Same time, by the United Shoe Company. In 
moe a Messachusects court found against United Shoe, and 
required it to sell (vice lease only) its equipment, offer 
Meare tent term rentals, and license all its patents at 
reasonabie royalties. The decision was upheld by the 
cuareme Court in nee, 

Poe ine Ioo je lvomasiacsom Ur. Dresident of IBM, 
Si7ecdetne consent decree. Terms of the decree required 
Mereto sell its tabulating machines at reasonable prices 
Mmoerouostantially more advantageous to IBM than lease 


Snares, provide maintenance and repairs at reasonable 


ancmion—-Giscriminatory prices; and sell, at reasonable 
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Petece, Up to tharty rotary presses each year from 1956 to 
1961. ITEM was still permitted to require the use of cards 
meeting certain Standards, but the forced sale of its card 
presses would enable other companxes to meet the Specifi- | 
Srerous.,  2001ctTiOnally, the decree required IBM to set up 
its Service Bureau Corporation aS a Separate subsidiary. 
filiewoeb.C. Operated Some 150 centers that did computing 
Pemvice Gn a £6€e¢ basis. Finally, IBM was required to prove 
PemEdenwcOULLS that COmMpetILive Conditions existed in the 
tabulating card market, or divest itself of all. Sanat ine 
Sepaotlity in excess of 50% of the U. S. total before i oe ae 
teeinose Lespects, the outcome was conSidered success- 
ful. The terms of the decree did open the manufacture of 
Punciea Cards to the competition, and allowed other com- 
panies to get started ‘a the tabulating card field. By 
mid-1960, IBM no longer held a monopoly in the manufacture 
of tabulating cards. 2° Unfortunately, certain weaknesses 
were inherent in the mechanism of the consent decree. The 
decree was not specific as to what constituted reasonable 
Peveeen ) he Gave TBM the chance to be evasive, and if 


Justice officials determined that the coporation was not 


Pima eeO Ene terms Of the decree, their only recourse 


each pe 249-251. 


ce. cee te and. The impact Of Two Historic Antitrust 
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would be to institute court proceedings. These same weak- 
Pt feoeexrot 21 acimO@st any consent decree, and accordingly, 
Pee [beers are Oreten GisSappointed to see potentially 
M@eeeeculah aCELONS “Ssettied not with a bang, but a 


Wo ou 
whimper. 


Pee CURRENT LITIGATION 

Pieiough Some persons may Consider that the federal 
@evernment has been Somewhat ineffective in GOmerol ling 
monopoly since the Justice Department has failed to win 
fee ecourt Cecisions over IBM, the consent decree of 1956 
Seemene 16ar Of antitrust action Since that year have 
Smomir icantly influenced IBM's moves in Several areas. 

SJe@etne pace ScCveral years, IBM has very carefully 
meee Some COrpOratc Executive fCoSsitions with formidable 
Pee eopponents for the federal government. in 1965, IBM 
bared Burke Marshall, former U. S. Attorney General, as its 
femeral counsel. In 1968, Nicholas de Be kot zenbach, 
Peete. >, %eLorney General and Undersecretary of State, 
was employed aS company lawyer with the title Cay ree 
Peestacne. Marshall is still with the company as a 
Conperacion Vice baagitlene. a6 Mea L969, Cyrus 
Pee wmmcmacecterron the Paris peace talks and formerly 


he 3 
DeeweywecereCuary Of Defense, joined Katzenbach's staff. 25: 


: 
oe he eres, p. 464. 
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eee CO eeiestnrecal Of Justice's action caused IBM 
Pemeeaioter Ene Marketing Of 16S time-Sharing subscriber 
feawteecs tron its Data Processing Division to its wholly 
Se@eawsiosidiary, the Service Bureau Corporation. Conm- 
Poaeieoro nad Chied “untair competition,” Since under the 
meee OoL che Consent decree, IBM had agreed to conduct its 
peace) OOeration under a separate company that did not 
Mee the iBM neue ° 

Mette cw i OCCObeEr, IBM backed down £Erom Some proposed 
M@e@edoed Charges for Equipment maintenance. Complaints 
Mecmcone Lrom the computer leasing firms, who would have 
PMommiose aLteecedq by tne increased prices, oe 

In a retrospective analysis of the 1956 decree, it is 
Mees ino tO Nolte that although some of the terms applied 
Meeiiomrtly, the first ten years were apparently considered 
Miteminosc: Crucial. The téGrmS give a distinct impression 
that the government believed that after a decade the matter 
Should be re-examined. Whether or not it was their original 
Pettit tile Department Of Justice did begin a new probe of 
PEM racaLrces in January oe 

Wacom ro! DALLA SuULE 


Scmerot TEM S Gompectitors could not wait any longer 


HWO~mUlSCELeeC| tO ACE, OF perhaps were not at all sure that 
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Witcem soul act, and therefore, on December 11, 1968, 
Semieecole Data COppOration filed Suit against IBM, charging 
meetacion Or the Sherman Act. Control Data's action was 
Pee eerlcetltot ti) a Series of litigations against IBM, 
es 1969 became known in the industry as the year of the 
Teawsuit. 

Pemicmveciuws callier, when Control Data had intro- 
elieeo 1cS models 6600 and 6800 computers, the largest 
Peewee owon ENGir type in the world, IBM retaliated with 
moe announcement of ibe Sart Super--computer, the 360/91. 
(Many of CDC's prospective cuStomers signed up for the 
series 9¢C, or at least postponed making a decision on the 
6600.) When the 360/91 was slow MI oOcuee tOn:, Pen e cece 
Peet its announced Specifications, and was cancelled after 
eemeerewewere delivered, Control Data's president, 
William Norris, suspected that IBM had marketed a phantom 
SemerwLor LO Climinate the competition. >>’ 

Pie PCecmocr Of 2966), COnturok Date announced their 
newest and largest Super-computer, the 7600. Obviously 
not wanting a repetition of the battle with the 360/91, 
ieG@erowcnangqea IBM with monopolistic practices, and asked 
the government for treble damages, injuctive relief, and 


pesotole dissolution or divestiture.~-° 
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Diiemeete lariat Clracgqed TBM with 37 violations of the 
pie@man net Including discriminatory discounts, free 
meeniteal Services for Favored customers, reciprocal 
Pipe Power, LMtimidating customers procurement person- 
PAMwmCrsaCeemeniny Into the time-Sharing Service business, 
foe Olcparagement of competitors, and "misrepresenting 
Meemsctatltisc and performance” of its own prematurely 
announcecd|) models - an obvious reference to the 360/91. 

IBM promised to "vigorously defend" itself against 
Beemenarges, pOlnting out that the industry, contrary to the 
Meeegectorns, Was One Of the most fiercely competitive in the 
Peaebom aid included some of the country's most powerful com- 
Pemies. (In 1967, the $5.9 billion market included Sperry 
Rand with 5.8%, Honeywell with 5.4%, General Electric with 
Melee, Comhtrol Data with 3.4%, RCA with 3.0%, NCR with 2.4%, 
peemeurtougis with 1.8%. TSM held the lead with Tey 
Miieictner MOtea that Control Data was a Striking illus- 
maevieroen vor an IBM Competitor that had experienced phenomenal 
eulecoess, In Less than eléven years, Control. Data s assets 
and revenues had grown to S465 million aie $387 Mabon 
mOoeteeely.. ” 

prMoucgi few peGple antteipaten that the Control 
Powe suit woula result in the dissolution of IBM, they 
migiiuby expected that 1t might prevent premature announce- 


Metis Of OVerStated capabilities. °°+ 
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Zee ale Processing Financial & General 
Cerperatlion 


Same amdaty=o,, 969, Data Processing Financial & 
General, a New York computer leasing company, filed a 39 
page Complaint against IBM in the federal district court 
Seeeene Southern District of New York, alleging violations 
Of antitrust laws, the consent decree of 1956, and state 
unfair competition laws. DPF&G claimed that bundling (i.e., 
combining software, maintenance, education, and engineering 
Seeeetecs Under a Single unseparabie price for equipment), 
emo With discriminatory maintenance policies, and intiimi- 
Meeton OO: users planning to acquire competitive pomipharal 
fameemeni Nad LeStrained competition. It also charged that 
Pec recasing gap between purchass and rental prices on new 
fiemenes, and higher maintenance prices on purchased Syoceimer 
Paes vtolations of the Consent decree which required sale as 
well as rental of IBM equipment, at a reaSonably comparable 
PieLreing poleetonchie. 

ie complaint asked for treble damages of more than 
Peer lton dollars, and more Significantly demanded a 
weecocevture from LBM’ S manufacturing activity of its sort— 
ware, maintenance, and leasing operations. DPF&G hoped to 
Split IBM into four separate corporations, only one of which 


could use the name IBM, °°? 
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Cpememueecemor tie Suirt by DPF&G, aS With the previ- 
ous charges by Control Data, was the required opening of 
teMwerrles Co the plaintiffs. It was considered likely that 
eebeM OCOCUMENTS and accounting records would go into a 
Baatrontal depoSitory' to which all parties to the antitrust 
proceedirgs would have necees. 

In August of 1970, DPF&G dropped their suit and 
fwemered GUL Of Court with IBM. The settlement, apparently 
memecg Iy Linancial Strain within DPF&G, provided for the 
company t.o be Penna See by IBM for the legal costs incurred 
Mmeteeleaveuit. In addition, IBM agreed to refinance DPF&G'S 
$42 milliion debt to IBM by extending the payment period at. the 
Peeselicmeinuerest bate. The debt waS ancurred in the purchase 
MM——fmeciioueorS.  DPFaG appeared relieved over the elimin- 


: seo 
Ereren Of the burden of the suit. 


eee er uuUSLICe Deparemenc Suie 

On January 17, in the waning hours of the Johnson 
administration, Attorney General Ramsey Clark and the 
Pepaltcment OF Justice filed a major antitrust action against 
Piece rUl, Ss. DEStrice Court, of Che Southern District of 
New York. Although only twelve pages, it covered the major 
complaints contained in the previous Suits by Control Data 
and DPF&G, but limited itself to monopoly charges with no 
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Uiaeam: Foceooing, ts! Ena Antitrust Dispute, Settle Out 
of Court," Wall Street Journal], 1 September 1970, p. 4. 
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eee really, ene Claim spelled out four ways in 
poaven IBM allegedly inhibited the competition in violation 
of Section 2 of the Sherman Act: (1) its Single pricing 
policy, (2) announcing new models before they were ready, 
(3) marketing models with unuSually low profit expectations, 
and (4) granting discriminatory allowances for universities. °° 
Bee oOvVemnmene prayed” that IBM be required to refrain from 
Pm@ese ac oS leading toward monopoly and be subject to such 
divorcem2nt, divestiture, and reorganization sue e wigie, Hevea e 
May consider necessary to restore competitive conditions 
to the Midustsy. °°" 

Fececelens eo tme Uuscelee Department Suit were som2- 
Pete oewilldering and not completely anticipated. IBM had 
aileeeew announced that it was going to make an announcement 
Mimic bOule Pricing, But LE was Still the responsibility 
@aentne COurES Or a decree EO permanently seal the IBM 
MeoumMaled prices. Surprisingly, IBM competitors began to 
Mave second thoughts about the possible effects of the 
femme tal aCelon. 

Since tne Snecrman ACECSULLE was a structural Sites 
iPmwaiSmocuna tO Change Ene Organization of the industry, 
determine IBM's share in it, and predestine which com- 
Porter c mould -die?’or grow. Would four separate IBM's 
Sper meorc enlop an cven larger per cent of the market? 

367 vaoping," Poe... 
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eeetedmemt ie cpecial allowances, many universities would 
iia celOceieaole (OO alford the equipment and research 
Peet he peo tO advance the technology. If IBM were en- 
joined fom announcing new computers well in advance of 
delivery, competitors who followed the lead of IBM in 
@evyelooping compatible computers and peripherals would be 
Mmenones CO Suffer most from the shortened lead ned 

SCleomwe wero heer enor vuoCtELCe Will not try £0 wir 
the case but will settle for another consent decree, Since 
mec re Victory would open up IBM to treble damage claims 
tTeom everyone, which would be detrimental to conSuméers and 
Sompetitors tices (Consent decrees, unlike court 
@ecisions, cannot be used as evidence in subsequent 
proceedings. ) 

Piya lo Cmattowe Si bclng OL 1tS engineering 
and marketing efforts from tab machines to computers fol- 
towing the consent decree of 1956, resulted in the terms 
Sm tne cecree being somewhat less than effective with 
Poe oCrNEOuune Mew Market. Simatarly, since the current 
merece aetrOon will lakely take years to prosecute, the 
Seure teaces a Major problem of ELinding a solution which 
Tbe oe celeveant to the rapidly changing industry in the 
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(eae cuLoun oy applied Data Research and Programmatics 

ieee er Piet e 9697 Apoitedq Data Research, Inc., a 
Perpneceton, New Jersey Software firm, filed the fourth in 
Pacmeratpearea CO be a Continuing series of suits against 
Piet ieo tn the Southern District Court of New York, 
Evescomplaint alleged violations of both the Sherman and 
Peer Cre cle wCOnSent Gqecrece of 1956, and the unfair 
competit:.on laws. Among the several allegations, ADR's 
perochia.. interest in software patents also emerged. MThe 
Gharges alleged patent misuse, in that IBM had threatened 
iter ece its DALGNtCS egdalnee the Software companies, and 
Prbemacaiiinoct the U. S. Patent Orrice, in that IBM had 
applied for patents on software disguised as hardware. ?/? 

ADR asked the court to award treble damages amounting 
to over $900 million, and to have IBM divest itself of sost- 
Pee Molleaceruring, price 2S Software Separately in the 
meantime, and rebate to customers the price of software 
PeMeceem iGo Wile Ele tei equipment. ADR requested an 
mmeunL Of »2-5/ billion be set acide by [BM for these 
Febates.>(~ | 

fie rrOlLlowing month, Pregvemiacics, Inc. , a Los 


PoageleSssSortware firm, Eried a Giftferent tact by seeking 


an injunction to prevent IBM from distributing without 
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Concern Alleges Monopoly," Wall Street Journal, 


Pome mil “L967 pp. 5: 


204 





charge a software package with which Programmatic's own 
Paegmati Was Incompatible. The company claimed that IBM 
wet Opes the new program to shut it out of the market.~* 

The injunction was denied, Programmatics appealed, 
Miemibecsmecasec was SChHCduled to be heard on a consolidated 
eels With the cases of the other three commercial firms. 
ace: , ioweyer, ProgrammaticS was acquired by Applied Data 
Meeeceew ene in mic-1970, both’ companies with severe 
mercial Gifficulties agreed to dismiss their ecuLons 
against IBM. In return, IBM paid about $1.4 million to 
Pe meee ch Lath COStS Lneurred in Connection with the 
Mmacters at issue." 

Pee Unbundiling and More Lawsuits 

in December of 1968, prebably in reaction to the 
Mew nvestigation begun by the Justice Department and the 
MiMie@ent Or antitrust Suit, EBM @announced that by July of 
mie tOolLlowing year, 1t Would make a new policy statement 
Sorte ing, True to 1tS word, on June 23, IBM told the 
Mmlomoetryethiat Ciriective January £970, 1 would unbundle 
piemoetecing Of hardware, Software, maintenance, and 
prommecesing- The Ceétalls Of tives move, and the reactions 
of other manufacturers, were discussed earlier in section 
[meer ethe sceucy. The full impact of the maneuver on the 
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industry remains to be seen. 
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The unbundling announcement kicked off two additional 
Suits against IBM. Motor Replacements, Inc., sued for $5 
billion charging that because of unbundling IBM would no 
Menger provide without charge the contracted “lifetime 
MaseGaninlagecervices.” The action was a “class suit" 
which would entitle all other IBM customers to collect 
Similar damages. Later, another suit was filed by Grey- 
hound Computer Corporation charging that the three per 
Pwem-culteMcnit price increase resulting from unbundling 
would pxevent it from conducting profitable operations ir 
Eme computer leasing morrees | 
emer ooo elec OvVeEsinco 19/70, when the giant 
eeene —COpying machine industry, Xerox Corporation, filed 
eee Kimo tLNGemen: SUL In Federal district court against 
me SuPom che announcement OL 1tS first office copier. IBM 
Sepee Naturally responded that its new machine did not 
involve any of Xerox's patents or confidential acorqutesor, 
ae ees OCt Oot sett o/O The actions con— 
tinued to develop, as VIP Systems, a Washington-based firm 
engaged in data processing and computer time-sharing filed 
Sleds IPM fOr antlLterust violations. VIP is seeking 


Paewlemccmages Of S5 Million and injunctive restraint.?/° 
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still pending are the maior litigations of Control 
Data and the Justice Department. Both are immersed in 
eriialstive pretrial proceedings. 

G6. The Federal Communications Commission 

AS emough the eyverpresent threat of antitrust 
action ky the Justice Department were not enough, another 
Federal agency has considered the necessity of regulating 
mie COMPULCT industry. In November of 1966, the Federal 
Communications Commission began an investigation to 
determire whether computer Eiie-eiaring Ccevices utilizine 
telephone lines should come under federal regulation and 
be subject to FCC established eee 

ieee 1 Oreene eeewruled that the industry 
need not: be subjected to Cover mene se regularion for the 
time being. An interesting aspect of the announcement 
Peerede SUStitication for the ruling. The FCC decided 
that the computer industry should be exempt because their 
activities currently were competitive. The decision 
weuld pe reviewed 1f Significant Structural changes 


; Bey iL 
eeu rteodetmne Ene industry. 


Seti eCUIVENESS OF ANTITRUST 
Even a detailed analysis of historical antitrust 
actions fails to provide a clear anSwer as to what extent 


government regulations has affected the structure and 


380 nT BM SonceasUMderm Ait ruSsters —Gaze, "Business Week ; 


14 January 1967, p. 34. 


Beceem reclaim vNececoweo Regqulace Data Processing, The 
Vimeo merece WOuLiaL, (“3° April 1970" po. 5. 
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Seneuet Of ythe Computer industry. It is difficult to 
agecermine whether the natural market mechanism or public 
peeeteeiac been the more influencial force. Both have 
Peeovea, Significant roles in Shaping the industry as it 
Srosts today. 

Seymetioty ene Success of the Department of Justice in 
mfenwcoOurts has been limited, but the omnipresent threat 
See er oatiton by the federal government has certainly been 
emrective in motivating the behavior of the dominant firin 
mene Industry. 

Me moechere Nave observed @ven a Slight reduction in 
Miemoiete wor tne menket held by the giant. Although, IBM 
Memeamlcors May Nave increased their efficiency at capturing 
emGractotmeDGlLechlage Of The trade, 12t iS just as probable 
ftet LBM is Softening 1ts effort in order to slide just 
maicdiet tliat precedent-established critical level of 70%. 

PeeenertewteM S LOD Managemelit has adopted a somewhat 
Peae@eeliveo at Litude toward theii Competition. Although 
Peele Cle OL IBM prorits would casily permit Some Signifi- 
Gant price cuts, Such a move would undoubtedly push some 
See aoeaha ber COmpanles Ouc OL the prokit-making range 
ert Cl vem tL bM, Sensitive to the ellose Scrutiny given itt 
Pweucetoor PLelLerS EO KCC po prLGeS Nigh in order not to 
drive its competitors out of Eieeencust ry. 

enough LBM Cipnias lyzed that. unouncling had been.in 
ieemeuans tor MONTHS priory tO the Siege of antitrust 


Secombe oegan EO bombard £6 in 1969, eEhe Separate 
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pricing policy unquestionably was precipitated by the 
Mecceee ne anticipation of monopolization litigation. 

(erence Cr dollars and thousands of man hours have 
Been cpent by IBM in preparation of a "Vigorous defense." 
mnese were resources that might otherwise have been 
applied to the business of manufacturing computers. 
Millions of dollars have been paid to competing companies 
Moll Or-coOurt Settlements. Acditionally, as a result 
Sewere mudtrtnde of litigation initiated in 1969, more 
Peete Private secrets and privileged data about IBM- 
will net be known than ever before, as the courts made 
evotlaclc LO plaintiffs all IBM accounting records and 
mLes. 

Plierougd the threat of federal action has measurably 
Pariuenced the industry, the successful litigations have 
had a somewhat less significant effect. As was mentioned 
eeralvei, tne problem of court proceedings, Or evcn con- 
Pem@emeeetecs, in a Gynamic industry is that the decisions 
and rulings are often outstripped by technology. The 
teostieomousuae L950 s and 1950's involving tabulating 
machines and punched cards became relatively insignifi- 
Ste wimeeie  bnausctry Ol computer manufacturing. Similarly, 
Evewlootice Under adjudication today may be totally irrele- 
Maven ieerutuLre years as the emohasis shifts to the areas 
SesciMeoneiabring, sery ice Saeeanee and possibly computer 
Unica slaie sieye 

Giteily, MOst Competitor Suits and all complaints by 


Miomiiratace DCpartnmene routinely “pray” for divorce, 
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Sie eet iture and dissolucion of the goliath, IBM. Sieu la 
Bolo cgom! ever be accomplished, and IBM be broken up 
PeeOQ Separate Companies, the prooable results would be 
Seer aty FLO cne wishes Of any other member of the industry. 
feamyesecxXVerts Suggest that, just as did “Rockefeller's oil 
heno poly, the fragments can be counted on to grow in Size 
ieee et COMLMancCe Separately, perhaps to greater range 


and size that is possible in unity."7°? 


38 eR odgers, Demgc7. 
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